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An evaluation of land use development processes for 
the Knowledge Based Urban Development (KBUD) using 
agent based modelling 
Summary 
Cities remain geographical centres of knowledge production. To foster a 
knowledge-based society, 21st century city planners throughout the 
Organisation for Economic Cooperation and Development (OECD) world and 
beyond often propose localised cluster-based initiatives to spur growth based on 
innovation. These clusters are now increasingly being seen as the main 
industrial policy option to sustain regional competitiveness and economic 
prosperity (OECD, 2000). 
This thesis deals with a comparative evaluation of urban planning methods 
of land use development process for Knowledge Based Urban Development’s 
(KBUD’s). After conducting in-depth interviews and surveys of official 
masterplans on several planning hurdles for a case study (‘One north’ 1 
Knowledge-Based Urban Development (KBUD) in Singapore), I identify two 
important research problems specifically related to land-use development 
process of mixed-use post-industrial cluster developments. Firstly, (1) The Path 
dependency problem – where the evolution of planned knowledge based urban 
development’s requires allocation of actors in space in terms of land use 
compatibility in order to exhibit positive land use externality.  Secondly, (2)  
                                                          
1 ‘One north’ is a ~200-hectare planned mixed-use development conceived by the Singapore National Technology 




Stringent long-term urban plans and designs stipulated through traditional 
master plans have become inefficient tools to guide development as they are 
constantly subjected to changing market forces (Market uncertainty). 
Urban planners using current methods for KBUD’s face practical hurdles to 
handle both uncertainty and path dependency issues in long term planning. By 
drawing theoretical insights from the proximity dynamics literature, which 
focuses on the determinants of interactive learning, I first propose a 
potential Knowledge Interaction Design Criteria (KIDC) with the primary aim 
of enhancing ‘knowledge interactions’ between different ‘actors’ in 
Knowledge-Based Urban Developments (KBUDs). Secondly under specific 
planning assumptions with the help of a case study (One north, Singapore), I 
employ an agent based modelling (ABM) approach to evaluate the development 
process of a typical knowledge based urban development under 1) 
comprehensive planning and 2) incremental planning approach.  
My research findings using agent based simulations can be summarised as 
follows, (1) under conditions of low demand, actor diversity and high 
willingness to pay (low uncertainty) a comprehensive method shows a (i)  
greater cluster population and (ii) low diversity in firm types, (iii) unequal 
distribution by firm sizes and (iv) low cluster path dependency. An incremental 
planning method under the same conditions exhibits (v) lower cluster 
population, (vi) higher diversity of firm types, (vii) a more equal distribution by 
firm size and a high (viii) path dependency. (2) In contrast, under conditions of 
high demand, actor diversity and low willingness to pay (high uncertainty) a 
cluster under the comprehensive method exhibits (i) high population, (ii) high 
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diversity by firm types and consequently (iii) high degree of cluster path 
dependency. However (iv) diversity by firm size is low with little more than 
two-thirds of the cluster occupied by large firms. An incremental planning 
approach on the other hand exhibited (v) low cluster population, (vi) lower 
diversity of firms in firm types and hence (vii) lower path dependency than its 
counterpart (master planning). However (viii) firm size distribution is the most 
equal under this planning method. 
The research implications of my thesis is twofold (1) My thesis effectively 
supports to the growing debate in the planning literature that calls for a re-
thinking of the comprehensive approach (master planning) as the sole planning 
tool for land use development processes. (2)  It also expands the application of 
Agent Based Modeling (ABM) in the literature to explore research questions in 
the realm of urban planning and design of high-tech clusters. 
Keywords: Post-Industrial Cities, Urban Design, mixed-use planning, Knowledge-
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1.  Introduction 
1.1. Background 
 
Knowledge-Based Urban Development (KBUD) 
For many decades, the common wisdom among industrial planners pursuing 
economic growth was to attract large firms to relocate to their locality. The 
model of creating a ‘Special Economic Zone’ (SEZ) was born to accommodate 
the factories where regional governments bidding against each other provided 
substantial incentives for firms to relocate (Greenstone & Looney, 2010). This 
model remains popular in the 21st century, where policymakers propose flagship 
planned post-industrial clusters, which supposedly would harbour actors 
involved in high-technology research-based, high-value-added and 
entrepreneurial economic activities following the success of the Silicon Valley. 
In the past decade throughout the Organisation for Economic Cooperation and 
Development (OECD) world and beyond, localised cluster-based policies are 
increasingly being seen as one of the main industrial policy options to foster a 
knowledge-based economy to ensure regional competitiveness and economic 
prosperity.2 Although pro-entrepreneurship policies need not be cluster-based, 
policymakers often find cluster making an effective way of providing a scale to 
benefit small-scale entrepreneurs at different levels and provide an 
infrastructure  for high-technology industrial activity (Chatterji, Glaeser, & 
Kerr, 2013). 
                                                          




The knowledge-based economy can be defined as ‘production and services 
based on knowledge-intensive activities that contribute to an accelerated pace 
of technological and scientific advance as well as equally rapid obsolescence’ 
(Powell & Snellman, 2004). In order to sustain cities as the centre of new 
knowledge, during the past few decades, there has been a growing demand 
towards developing integrated approaches in urban planning as a way to 
accommodate such urban policies. 3  The response has been towards well-
planned, large-scale 4  industrial developments across cities, often advocated 
through the state or through public–private partnerships hosting a variety of 
knowledge-intensive industries and institutions that are thought to be 
responsible for speeding up the process of technological innovation. 
Industrialised nations, in particular, are drawing up large-scale plans to develop 
what are known as ‘Knowledge-Based Urban Developments (KBUDs) to 
improve the quality, welfare and competitiveness of their cities (T. A. 
Yigitcanlar, 2007). 
 
Planned developments like these go by a variety of names such as 
‘Technopoles’, ‘Science Parks’, ‘Business Innovation Centres’, ‘Incubation 
Hubs’, ‘Technology Parks’, ‘Post-Industrial Districts’ and many more, all of 
which collectively are coming to be known as ‘Knowledge-Based Urban 
Developments’ (KBUDs) in the academic literature. There exist various 
definitions of Knowledge-Based Urban Developments (KBUDs) from different 
viewpoints in the literature. An institutional definition by Richard V Knight 
                                                          
3 See Abukhater (2009) 
4Scales often range from a precinct to the metropolitan level. 
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(1995) defines it as “the transformation of knowledge resources into local 
development [which] could provide a basis for sustainable development”. From 
an economic point of view, the Knowledge-Based Urban Development (KBUD) 
can be defined as “one in which economic growth is centred on the production, 
distribution and use of technology” (Bhishna Bajracharya, Too, Imukuka, & 
Hearn, 2009). A more planning-oriented definition is “they are a cluster of R&D 
activities, high-tech manufacturing of knowledge-intensive industrial and 
business sectors linked by mixed-use environment including housing, business, 
education and leisure within an urban-like setting” (T. Yigitcanlar, 
Velibeyoglu, & Martinez-Fernandez, 2008).  
 
More generally, we know that such developments strive to host a 
combination of knowledge-driven class of economic activities such as small 
(including spin-offs), medium and large private high-technology firms that 
exploit new knowledge created by educational institutions (schools, 
polytechnics and universities) along with the public and private research 
institutes involved in basic and applied Research and Development (R&D). This 
mix is often supplemented with globally oriented technical and management 
consultants or services that help to network and disseminate new knowledge 
between former actors (den Hertog, 2002; Gadrey, Gallouj, & Weinstein, 1995; 
Muller & Zenker, 2001a). 
 
On a broader urban policy level and by creating such an integrated 
development, one of the major goals aimed by the state is to mimic the so-called 
triple helix model of innovation proposed by Etzkowitz and Leydesdorff (2000). 
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Their model hypothesises that the interaction between the three key institutions, 
namely, the state, the university and the private sector is crucial for the process 
of scientific progress and, eventually, product innovation. This includes the 
participation of high-technology firms; public, private and university research 
institutions; schools and polytechnics along with relevant supporting 
Knowledge-Intensive Business Services (KIBS) helping to bring about the 
‘system of innovation’.5 The availability of a diversity of resources to learn 
enables the technology firms to innovate better, and knowledge workers who 
work in these firms interact with other firms as well as other participants in the 
cluster such as universities, research institutes, suppliers and consumers, 
resulting in a phenomenon that Lundvall (1985) refers to as ‘interactive 
learning’. A number of empirical studies have documented that the increase in 
the innovative capability of firms is observed when they interact with the above-
mentioned external factors (Coombs, Narandren, & Richards, 1996; Freeman & 
Soete, 1997; Meeus, Oerlemans, & Hage, 2004; Pavitt, 1984; Von Hippel, 
1976).      
 
The success triggered by the Silicon Valley and the Cambridge Science Park in 
the 1970s–1980s has led city planners to focus on urban development oriented 
towards developing similar modern industrial parks or ‘technopoles’ to take 
advantage of the technological resources of cities. In order to accommodate 
high-technology communities, urban planners have fervently responded by 
planning and designing large-scale ‘Knowledge-Based Urban Developments’6 
                                                          
5See Storper (1992); Cesaroni and Piccaluga (2003), Leydesdorff and Etzkowitz (1996). 
6See T. Yigitcanlar (2009). 
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(KBUDs) in various cities across the world. They are largely localised in order 
to benefit from three advantages, including but not limited to positive 
technological externalities (the so-called ‘knowledge spillovers’), reduced 
communication costs and increased levels of social capital (network effect), all 
of which have known to be conducive to spur incremental innovation. 7  In 
comparison with the planned industrial districts of the 20th century, these 
developments differ in terms of their location, participating actors, nature of 
work, connectivity to a global talent pool, physical requirements in terms of 
amenities and facilities, centrality and especially in their reliance on local intra-
cluster interaction (face-to-face) for innovation, product formation, 
development and commercialisation.  
 
The past decade saw a number of initiatives by city governments to build such 
post-industrial enclaves to house knowledge-based growth initiatives in order 
to attract and retain global talent.  High-technology clusters that accommodate 
research-oriented activities are coming to be perceived widely as an important 
policy tool to leverage every nation’s investment returns in research and 
development (R&D) (Wessner, 2009). Some of the recent advances in 
developing Knowledge-Based Urban Developments (KBUDs) were made in 
cities such as Brisbane and Melbourne, Australia, in 2010; Delft, the 
Netherlands in 2001 (Delft Knowledge City); Barcelona (@22 Barcelona); 
Malaysia in 2006 (Iskandar@ Johor) and most importantly to this thesis the 
KBUD initiative in Singapore in 2001 (One north). 
 
                                                          




Post-Industrial Cluster Development as Centres for Innovation  
 
Over the past two decades, there has been a growing interest in understanding 
the concepts industrial districts, more specifically after the rise of the 21st 
century post-industrial cluster based development. In the academic literature, 
their origin can be traced back to the economic stagnation of the 1970s and 
1980s in the developed world, coinciding with the rise of globalisation and 
eventually the shift from the Fordist to the post-Fordist enterprises in many 
advanced economies. During this period, industrialised nations went through a 
steady decline of commodity-based activities, giving way to a steep rise in 
knowledge-based activities that necessitated proximity to new knowledge for 
economic prosperity (Richard Victor Knight, 1973; Stanback & Knight, 1970). 
Societies have become more knowledge-based in the 21st century, leading to a 
change in the nature of urban development, as the conditions and the 
environment required to foster an innovation-driven economy differed from 
those required by low-skilled manufacturing activities during the industrial era. 
This is mainly due to the fact that the working culture in knowledge-based 
sectors are non-routine, learning-based (as opposed to the routine work in the 
factories), being concentrated in urban areas (contrary to the dispersed suburban 
manufacturing belts) and that their operations are more open to people and ideas 
facilitated by high labour mobility and flat organisational structures. This has 
led industrial urban planners to foster an environment that can potentially 
recognise the importance of the place to enhance the knowledge creation, 
sharing and transfer through cluster-based initiatives (OECD, 2000) 
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Such planned post-industrial clusters can be seen as complex systems that create 
integrated spaces to concentrate high levels of human capital in small 
geographical spaces to spur innovation. In the academic literature, such a 
complex system is conceptualised by Dvir and Pasher (2004) as  an ‘“urban 
innovation engine” in cities which can trigger, generate, foster and catalyze 
innovation through facilitating interaction between people, processes, 
relationships, tools, technology, physical and financial instruments collectively 
leading to novelty, spontaneity, and creativity over time’.  
 
In planning practice, a generic form of such a system is the campus-like 
environment laid out to house participants represented by the ‘triple helix 
model’ of innovation of Etzkowitz and Leydesdorff (2000), requiring 
participation from the state, university and the industry.  The Knowledge-Based 
Urban Development (KBUD) methods are often long-term policy initiatives by 
the state to provide physical and virtual infrastructure needed to attract, support 
and sustain human capital in the local economy. The central actor is often a 
university that acts as a primary driver of knowledge creation and labour supply, 
followed by university-affiliated research institutes and state-affiliated public 
research institutes (civil and defence). Private enterprise is composed of high-
technology firms consisting of a healthy mixture of spin-offs and large 
companies with the ability to commercialise innovation, leading to product 
formation.  The participating service industries (e.g. IT, finance, legal, real 
estate, etc.) act as a third pillar that helps network and facilitate the flow of 
information and services between workers. Figure 1.1 shows a schematic 
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diagram of one such Knowledge-Based Urban Development (KBUD) 
harbouring such an innovative system of actors.  
 
Table 1.1 An illustration of actors participating in a KBUD [‘Urban 
Innovative Engine’] 
 
Source: Author, 2013 
 
1.2. Research Motivation and Objectives 
 
The motivation of my thesis comes from formal and informal conversations 
with the One north KBUD planning team in Singapore during 2011-2012. 
During my interviews with senior principal planners and architects, several 
research problems were discussed with regard to the rationale and success of 
KBUD’s; its execution and the role played by in facilitating a mixed use 
environment for high ech industrial activity. After repeated consultations with 
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the planners, two challenges faced by the planners relating to the urban design 
and planning of Knowledge-Based Urban Developments (KBUDs) were 
identified.  
 
First, there seemed to be the practical problem of formulating a ‘mixed-use’ 
urban design, that is, there was the lack of a specific design criteria (or goal) to 
distribute the participatory ‘actors’ via land-use zoning. As large-scale 
knowledge-based clusters have a variety of participants demanding different 
types of land uses (>10), the question of how to formulate a socially optimal 
mixed-use zoning policy remains a puzzle. Urban design goals and their means 
of achieving enhanced intra-cluster interactions in the Knowledge-Based Urban 
Developments (KBUDs) remain ambiguous during the development process.  
There is the lack of a consistent design criterion to distribute actors across space 
to maximise the social benefits of interaction. who are the actors and what 
knowledge interactions might they engage in? How can we classify them? 
Moreover how built environments can facilitate such engagements are less 
studied in the urban planning literature. 
  
Secondly I introduce the problem of path dependency in planner KBUD’s 
related to the land use development process. Path dependency as I define is ‘the 
requirement of resource allocation that upholds the complimentary zoning 
nature of KBUD sites during the land use development process to facilitate, 
maintain and enhance intra-cluster knowledge/social interactions among its 
participants’. This is seen as one of the primary objectives by industrial planners 
of such large scale knowledge based urban developments. In this thesis I first 
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ask, Why is path dependency particularly important for the planning of 
KBUD’s? How can KBUD’s achieve path dependency under different 
circumstances (economic uncertainty) and mechanisms (planning methods). 
Thirdly and most importantly, I find that static designs by long-term master 
plans were becoming an unfavourable option for dynamic spaces such as the 
Knowledge-Based Urban Developments (KBUDs), where the inflow and 
outflow of people and businesses meant that urban planning and design should 
respond accordingly. In a general sense, urban planners (practitioners) have 
seemed to be failing to critically address the spatial-temporal dynamics of 
planned spaces over time. Although planning thought moved away from an 
static deterministic or rationalistic planning approach in the 60’s and 70’s to a 
communicative approach in the 80’s where planning methodology advocated a 
more procedural alternative to account for the changing  the nature of ‘planned’ 
spaces (see Forester (1993); Harper and Stein (1995)), many practitioners still 
have difficulty in understanding the complex space-time dynamics of the urban 
change.  
 
In my thesis I also examine the impact of the planning methods on the path 
dependency and uncertainty of KBUD land use development process. I ask, 
How does planning methodology impact the mixed-use knowledge based urban 
development’s path dependency under different degrees of market uncertainity? 
How can planners envision alternative scenarios of the Knowledge-Based 
Urban Development (KBUD) that enhances intra-cluster knowledge 
interactions? What could be the trade-off’s of such an outcome?   
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Furthermore to explore the strengths and weakness of both planning methods 
specifically for knowledge based clusters, I develop an empirical agent based 
simulation model of a typical knowledge based urban development using data 
from the case study: One north. Agent-based modelling (ABM) is 
recommended as a dynamic methodology to handle spatial and temporal 
processes of land-use design models as compared to the simple linear 
programming methodology used in the past literature in addressing land use 
design problems. The research problems are explained in an abstract and 
detailed manner against the reality of the land use development process in next 
chapter (Chapter 2).  
1.3. Potential research contribution 
 
Firstly, my research work expands the application of agent based modeling to 
explore questions raised in the realm of urban planning and design of high-tech 
clusters. There is a growing literature that uses agent based modeling as an 
alternative method to explore the social science of high tech clusters formation, 
progress and decay with respect to well observed empirical phenomenon of 
creativity, agglomeration, cluster formation, high tech cluster social and 
economic networks and location decisions (Chan & Pretorius, 2007; Koçak & 
Can, 2014; Spencer, 2012; Zhang, 2003). 
 My research adds to that growing literature by examining the progress of 
broadly defined knowledge based urban developments (i.e. high tech clusters) 
alternative planning frameworks and its impact on the land use development 
process for planned (as opposed to organic) high-tech clusters such as One north 
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in Singapore. It also differs from those studies in that in my study I am more 
interested in the evolution of the cluster under two systems of planning 
(comprehensive vs incremental) whereby I explore the impact of instituional 
differences on social and economic evolution of the cluster is revealed. 
Secondly, the research contributes to the growing stream of work dedicated to 
sustainability of Knowledge-Based Urban Development’s (KBUD). My 
research specifically opens a new avenue of research into some of the land-use 
design-related problems currently faced by industrial planners through detailed 
interviews and surveys.  
The scholarly literature of Knowledge-Based Urban Developments (KBUDs) 
so far has been limited to covering institutional and governance aspects and their 
means of evaluation using a few case studies (Chatzkel, 2004; Garcia, 2004; 
Isaksen, 2004; Richard V Knight, 1995; T. Yigitcanlar, 2009; T. Yigitcanlar, 
Metaxiotis, & Carrillo, 2012; T. Yigitcanlar, Velibeyoglu, et al., 2008). I 
acknowledge some theoretical limitations of what large scale projects today try 
to achieve in their masterplans and offer potential solutions to overcome them. 
My research findings might provide an informed planning approach to ‘zone’ 
the Knowledge-Based Urban Development (KBUD). While previous land-use 
design models have used various economic, social and environmental criteria to 
zone ‘actors’ into efficient allocations (Barber, 1976; Diamond & Wright, 1988; 
Janssen, van Herwijnen, Stewart, & Aerts, 2008), I believe for the first time that 
a Knowledge Interaction Design Criteria (KIDC) is proposed as an unique 
design criteria specifically for planning mixed-use post-industrial spaces. 
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Finally and most importantly, this thesis explores the much needed re-thinking 
of the traditional master planning approach of dynamic spaces such as the 
Knowledge-Based Urban Development (KBUD) (Abukhater, 2009). In a 
general sense, urban planners (practitioners) seem to be failing to critically 
address the spatial-temporal dynamics of planned spaces over time. While 
planning thought is changing as to how to approach planning actions in reality, 
there is very little critical attention given to how socio-spatial relations are 
conceived (Graham & Healey, 1999).  
Although planning thought moved away from an static deterministic or 
rationalistic planning approach in the 60’s and 60’s to a communicative 
approach in the 80’s and where planning methodology which advocated a more 
procedural alternative to account for the changing the spatial nature of ‘planned’ 
spaces (Forester, 1993; Harper & stein, 1995), practitioners still have difficulty 
in understanding the complex space-time dynamics of the modern urban 
change. My work attempts to support alternative methods of urban planning for 
knowledge based urban developments. 
1.4. Structure of the Thesis  
 
The thesis is divided into six chapters. The structure of the document is as 
follows. 
Chapter 1: Introduction 
The first section of Chapter 1 is the introduction, which sets the context of the 
topic addressed (Knowledge-Based Urban Development (KBUD)) for my 
work. Section 1.1 gives a background on the rationale and the concept of 
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Knowledge-Based Urban Development (KBUD) as an industrial planning tool 
for post-industrial cities. Section 1.2 motivates the reader by identifying and 
defining two research problems concerning land-use design. The section 
concludes by posing two pertinent research questions to address the research 
problems. Section 1.3 briefly states the objectives of the study and its research 
significance. Here, the contributions of this thesis, specifically to the 
Knowledge-Based Urban Development (KBUD) and to the urban planning and 
design methodology literature along with its impact on post-industrial urban 
planning and design practice, are also discussed. The chapter concludes 
(Section 1.4) by giving a brief account of the structure followed in the thesis. 
 
Chapter 2: One north, Singapore (case study) 
 
This chapter first introduces the One north KBUD project in Section 2.1. One 
north is the 200-hectare flagship Knowledge-Based Urban Development 
(KBUD) of Singapore conceptualised in 2001. It is situated in the south-western 
part of Singapore, to be built in three phases over a 30-year time frame. My 
research topic is primarily inspired from several planning and design challenges 
faced by industrial planners in Singapore during the conceptualisation phases of 
One north (Section 2.2).  
 
This is followed by a detailed note on specific research problems that would 
later be addressed in my thesis. Section 2.3 crystalizes and re-introduces these 
problems on a theoretical and abstract manner. The chapter concludes by posing 
research questions, which the rest of the thesis attempts to address. 
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Chapter 3: Literature Review  
This chapter discusses previous studies on the Knowledge-Based Urban 
Developments (KBUDs), workspace planning and design literature in Section 
3.1 and Section 3.2. The chapter formally lays out the Knowledge Interaction 
Design Criteria (KIDC) framework for the Knowledge-Based Urban 
Developments (KBUDs) in Section 3.3.  
  
Chapter 4: Research Methodology 
The methodology section discusses the rationale, the theoretical concepts of the 
agent-based modelling (ABM). An overview of agent based modeling and a 
brief account of some of its previous applications in addressing similar research 
problems is given in Section 4.1. This is followed by a detailed model summary 
of the KBUD-LUDM that is developed by using data from the case study: One 
north, Singapore in Section 4.2. In Section 4.3, model specific metrics are 
selected to track the evolution of the cluster under different types of scenario 
analysis. 
Chapter 5: Results and interpretation 
This chapter starts off by parametizing the KBUD-LUD model proposed earlier 
for scenario analysis in Section 5.1. Section 5.2 presents the simulation results 
using the Knowledge-Based Urban Development- Land-Use Design Model 
(KBUD-LUDM). The results from each scenario is discussed against empirical 
realities of knowledge based developments. 
 
Chapter 6: Conclusion  
31 
 
In the concluding chapter, the highlights of my research are stated clearly 
along with a short summary of the results from the agent based model in Section 
6.1. This is followed by a stepwise account of my research contribution to the 
literature and policy making in Section 6.2   
 
















2.  One north, Singapore (Case Study) 
 
This chapter introduces the case study undertaken in my thesis ‘One North’ 
– Knowledge-Based Urban Development (KBUD). In this chapter, my 
interviews with the Jurong Town Corporation (JTC) planners (see Appendix I) 
is used to develop a coherent set of urban planning and design issues affecting 
the development of Knowledge-Based Urban Development’s (KBUD). 
While the first section (2.1 Strategic Urban Planning) briefly outlines the 
historical events that led to the ‘One north’ concept plan in Singapore, the 
second section (2.2 One north, Singapore) deals with One north’s master plan 
phased development and describes the various specialised districts planned 
within the cluster. The research problems are defined in detail in Section 2.3 
Research Problems. The chapter concludes by posing three broad research 
questions derived from my unique case study. 
2.1. Strategic Urban Planning 
 
In urban planning terminology, the planned development of such specialised 
post-industrial clusters would be known as Strategic Urban Planning (SUP). In 
strategic planning, city planners often become proactive rather than being 
reactive to urban affairs by deviating from the established rules, coordinating 
public and private efforts and channelling them towards dedicated goals for the 
growth of the city. These measures are often taken at times of economic decline, 
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or a major part of this would involve adapting to new scenarios. Castells and 
Borja (1998) define SUP as follows: 
 “The definition of a city project that unifies diagnoses, specifies 
public and private actions and establishes a coherent 
mobilization framework for the cooperation of urban social 
actors. A participative process is a priority when defining 
contents, as this process will be the basis for the viability of the 
objectives and actions proposed. The result of the Strategic plan 
should not necessarily be the creation of regulations or a 
government program (although its adoption by the State and 
Local Government should mean the instigation of regulations, 
investment, administrative measures, policy initiatives, etc) but 
rather a policy contract between public institutions and civil 
society. For this reason, the process following the approval of 
the plan and the monitoring and implementation of measures or 
actions is just as or more important than the process of 
elaboration and consensual approval.” 
Strategic Urban Planning (SUP) ventures are often criticised for their top-
down approach, which leaves very little room for civic participation and 
academic scrutiny.  The city of Singapore had over the past three decades 
embarked on Strategic Urban Planning (SUP) ventures to smoothly drift its 
industrial economy based on manufacturing to a post-industrial informational 
economy. Two major state-driven Knowledge-Based Urban Development 
(KBUD) initiatives can be identified with the island nation, the first of which is 
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the Singapore Science Park (SSP) I & II during 1980–2000. This was followed 
by the One north project (2002 to the present). The next section gives a terse 
introduction of the Singapore Science Park (SSP) followed by a detailed 
description of the case study: One north KBUD. 
2.1.1 Singapore’s Science Park (SSP) initiatives 
science parks are developed with two main objectives, namely, (1) to serve as 
an seedbed for technology production, that is, ‘to play an incubator role, 
nurturing the development and growth of new, small, high-tech firms, 
facilitating the transfer of university know-how to tenant companies, 
encouraging the development of faculty-based spinoffs and stimulating the 
development of innovative products and processes’ and (2) to serve as a locus 
for regional economic development/transition into the new economy  
(Felsenstein, 1994),. 
Since the 1990s, in order to reproduce the success of Silicon Valley, many 
industrialised Asian countries, particularly Singapore, Malaysia, Taiwan and 
South Korea, have allowed for state-funded/backed investments to develop 
science/business parks. According to Koh, Koh, and Tschang (2005), it is hoped 
by some governments that science parks will also help to ‘(a) raise the level of 
technological sophistication of local industries, through the promotion of 
industrial R&D; (b) promote foreign investments, especially in higher value-
added activities; and (c) accelerate the transition from a labor-intensive to a 
knowledge-intensive economy.’ 
In Singapore, the Government, recognising the importance of innovation-
driven growth had put together the first National Technology Plan during the 
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1990s, allocating funds for R&D infrastructure and Human Capital 
Development in fields such as Microelectronics, Semiconductors, Electronic 
Systems, Manufacturing Technology, Food and Agro Technology as well as 
Biotechnology and Medical Sciences. During the decades following the Asian 
financial crisis,  there has been a gradual shift in the industrial landscape in 
Singapore, marked by a slow transfer from warehouses and single/multi-
purpose factories that accommodate manufacturing industries such as the 
Information Communication Technologies (ICT), food and other material 
industries, to the multipurpose business parks and high-specification facilities 
that accommodate knowledge-intensive sectors like R&D (Research and 
Development) in the Information Communications (Info-Comm) and 
Biomedical Industries, the Software Consultancies, Media and the Arts.   
The Singapore Science Park (SSP) became a physical entity accommodating 
this industrial shift from heavy manufacturing to light high-value-added 
employment. The development of Singapore Science Parks (SSPs) can be 
viewed as a coordinated effort by the state to provide infrastructure, research 
and human capital, to encourage entrepreneurship and training of future 
generations (higher education) in science and technology-related fields (Koh et 
al., 2005). Apart from these benefits, the Government also incentivised by 
giving tax benefits and extending financial support to incoming actors who were 
largely domestic suppliers, service providers and business partners. Although 
the SSP effort was large in the context of Singapore, some authors have claimed 
that it had been a very modest effort by plugging into the global network of 
technology clusters (Koh et al., 2005). 
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Table 2.1 The Singapore Science Park initiatives (I & II) 
 
Source: SSP official website8 
2.2. Case study : One north, Singapore 
 
As early as 1991 and owing to the favourable forces of globalisation and 
technological innovation, the Singapore Government launched the 
Technopreneurship 21 (T21) programme. As a consequence, ‘strategic 
facilities’ were earmarked as being critical to develop; so, the Biopolis was 
entrusted to the Jurong Town Corporation (JTC), the nation’s industrial master 
planner, architect and developer. As an integrated spatial locus for the 
biomedical, Info-Comm, media and technopreneurial activities, the Biopolis is 
planned as a highly unique, mixed-use development, only to be readily branded 
with the moniker as the ‘Biopolis of Asia’ (Parayil, 2005). 
“Given the fast changing industrial landscape, JTCs land-use 
planning approach - its masterplan and land use zoning plans - 




will have to be highly flexible and quick to adapt to changes in 
industry, in technology, and in the external environment”   
                                        –    Lee Hsien Loong, Prime Minister of Singapore 
 
Mirroring the above-mentioned statement, Jurong Town Corporation (JTC) 
strategically realigned its planning approach in September 2001 towards 
promoting industry and enterprise development by providing best-value 
industrial facilities. JTC has a long history of orchestrating Singapore’s 
industrial landscape, spanning from servicing low-cost land for manufacturing 
plants to, more recently, the development of industrial parks in order to spatially 
support Singapore’s capital-intensive phases of industrialisation (1960–1980s). 
Current trends, however, have shifted towards meeting the newer spatial needs 
of the so-called knowledge economy. Jurong Town Corporation (JTC)’s land-
use planning and zoning approaches today aspire towards adaptable, high-tech, 
experimental and balanced multi-use developments. The One north Knowledge-
Based Urban Development (KBUD)’s design separates activity according to 
worker’s knowledge bases (see Figure 2.3), 
“Part laboratory, part resort and part architectural gem, 
Fusionopolis is Singapore’s newest mega-science facility … 
Fusionopolis is the physical science sequel to Biopolis. Housing 
six institutes … the buildings are meant to spur interdisciplinary 
research not only among its own institutes but also with 




One north had to distinguish itself from the previous Singapore Science Park 
(SSP) endeavors. Firstly, unlike the sprawling design of the SSP modelled after 
the Silicon Valley, One north was planned to be a medium- to high-density 
development to facilitate actor–actor interaction. As noted by Koh et al. (2005), 
there was little interaction (intra and inter) between actors in the SSP I and II 
clusters. 
Secondly, urban planning had to become more ‘dynamic’ with the 
introduction of vertical and horizontal mixing of activities through mixed land-
use zoning policies. Such mixed-use zones supposedly would enhance 
interaction and cross-fertilisation of research ideas (Koh et al., 2005). Thirdly, 
in recognising the importance of knowledge spillovers as a crucial attraction 
factor for new tenants, One north strived to create a conducive environment that 
facilitated and encouraged agglomerative effects in the region through 
complimentary zoning. Other methods to concentrate human capital together 
on-site was by housing provision, establishment of retail and commercial spaces 
(physical infrastructure) and coordination of state-affiliated network 
establishments (BMRC, A*star, EDB, etc.). 
Land-Use Planning 
The land-use planning at One north was largely experimental as Jurong 
Town Corporation (JTC) incorporated an unprecedented vibrant mix of land 
uses to facilitate that development project as an integrated live-work-play-learn 




Table 2.2 Illustration of horizontal and vertical land-use zoning approach 
of the Biopolis 
 
Source: JTC (2010) 
Thus, One north now boasts of a broad land-use mix for commercial, 
industrial and retail uses, enabling the diverse tenant mix to be planned as 
mentioned in the preceding subsection. Land-use zoning tries to achieve 
adequate mixing of different land uses on both horizontal and vertical 
dimensions, and this is done to achieve vibrancy and diversity to each building 
(see Figure 2.2 for an example). 
Furthermore, Jurong Town Corporation (JTC) adopted a flexible approach 
by releasing an adjacent site for tender as a ‘white-site’. This approach allows 
potential developers the advantage of orchestrating synergistic developments, 
where opportunities for an innovative mixed-use development could maximise 
development value. In short, developers were given greater development 
autonomy as they might have a better gauge of potential spatial demand, which 
could increase realised rents that are further capitalised into higher asset values.
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Table 2.3 KBUD land-use design using knowledge bases at ‘One north’ 
 
Source : JTC (2010) 
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Due to space constraints, I will skip a detailed review here of the 
masterplanning approach undertaken at One north, please see Appendix-II for 
a discussion on the different clusters and their  land use planning details. 
2.3. Research Problems 
While the previous section dealt with the discussion on KBUD planning 
issues from a specific case study (one north KBUD), in this section the problems 
faced by planners in a typical knowledge based urban development (KBUD) 
will be re-introduced in a theoretical and abstract manner. I will raise two 
significant research problems in the land use development process of large scale 
long term planning of the knowledge based urban development (KBUD). The 
first is the issue i) knowledge spillover (a case of positive land use externality) 
which necessitates some path dependency planning in the land use development 
process. This is followed by critical enquiry of the ii) Need for dynamic 
planning methodology for the land use development process subject to market 
uncertainty and path dependence. I will attempt to expand on these two specific 
research problems and crystalize my research questions and address them 
sequentially in the subsequent chapters. 
2.3.1. Land development process of KBUD’s 
Modern industrial urban planners try to imitate the success of natural 
economic clusters by creating favorable conditions to facilitate economies of 
agglomeration, a theory of economic clustering put forward by Marshal (1890). 
More specifically planners hope to replicate properties of naturally occurring 
economic clusters where collocated firms share resource, conduct joint projects, 
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trade with each other  with the occasional occurrence knowledge spillovers. 
These benefits of agglomeration occur through formal and informal channels 
(for e.g. A Saxenian (1994), Porter (1998); Becattini (1990); Storper and 
Venables (2004)) through knowledge exchange and learning (e.g. Audretsch 
and Feldman (1996b)) which contributes to innovation and overall firm 
performance.  
Urban planning of Science and Technology clusters proceeds in a typical 
industrial cluster development process whereby planners first identify industrial 
sectors to accommodate, followed by a comprehensive masterplan for a chosen 
site. The comprehensive masterplan involves creating land use zoning maps of 
the envisioned KBUD which are informed from multiple social, economic and 
environmental land use design criteria. However one of the most important and 
unique consideration for knowledge based developments are the criteria for 
housing compatible actors next to each other in order to spur the so called 
‘knowledge/information interactions’. It is well documented that science and 
technology parks (STP’s) actively create a favorable ecology for collaboration 
by attracting specific tenants, place them together on site in order to try and 
facilitate networking among them through events in order for them to be 
innovative and more successful (Cooke (1996);Hansson, Husted, and 
Vestergaard (2005); Annerstedt (2006); Chan and Pretorius (2007); Boekholt 
and Thuriaux (1999)). Under the traditional comprehensive planning approach 
complimentary zoning laws are drawn to co-locate similar economic activities 
to foster easy collaboration in large scale developments thereby reducing 
physical barriers between related actors. While the intensions are clear for 
industrial urban planners, there exist significant challenges to implementing co-
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location of actors in a knowledge based urban developments (KBUD’s) in the 
short and long term.  
The land use development process of KBUD’s often occur in gradual 
phases, whereby each phase may take two to three years starting from 
construction to achieving high occupation levels. During this incubation period, 
planned mixed-use urban projects in theory can be confronted with two 
challenges 1) Lack of physical guidelines for firm co-location that would allow 
for path dependency on site , followed by 2) Uncertainty of incoming 
participants disconnecting the path dependency nature of the planned cluster. 
The following sections will explain these problems in detail. 
Path dependency in KBUD’s 
The path dependency nature of the masterplanning approach can be 
described as a phenomenon of urban planning where the future planned stages 
of the development depend on the successful completion of the previous stages. 
In Figure 1 (a & b), I provide a simple hypothetical example of the path 
dependency problem in KBUD’s, where two pairs of complimentary land uses 
depend on each other to maintain its relevance over time. 
Figure 1 (a) depicts a simple symbiotic zoning map. In this scenario, a 
planner initially zones a single land parcel to accommodate firms belonging to 
the symbolic knowledge base (see chapter 4) which includes actors from design, 
media and art related firms. The planned tenant on this land acts as a primary 
actor (‘anchor tenant’) with supporting land uses planned adjacently where 
planners may envision allocating nearby land parcels for supporting actors such 
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as commercial/retail establishments and supporting service firms such as 
consultancy, finance and accountancy firms etc. In such a scenario, since the 
two supporting land uses shown in figure 2.4 (a) depend on the successful 
establishment of the primary land use type directly - I will call this as ‘first 
degree’ dependency. 
Figure 2.4 (b) shows a similar scenario with dependency on more than one 
level. Here the hypothetical scenario shows urban planners zoning a land parcel 
for a public research Centre (primary actor) say in the field of 
biomedical/biotechnology where workers derive their expertise from, say an 
analytical knowledge base. In order to benefit from positive externalities 
planners allocate adjacent land for university departments with allied research 
interests and associated specialized infrastructure (e.g. libraries, conference 
halls, animal incubators etc.) anticipating a high probability of interaction 
between these spaces. Furthermore in order to support a large resident labor 
force, planners may allocate space for housing, retail and KIBS(knowledge 
intensive business services) firms such as talent agencies, IT firms, legal 
(intellectual property) firms. In addition to foster a live-work-play environment, 
which is often the goal of planned post-industrial clusters planner may want to 
provide schooling facilities in line with expected population influx for the 
incoming residents. 
It is interesting to see that in the second this setting shown in figure 2.4 (b), 
the establishment of a ‘school’ zone requires two intermediate steps to 
successfully occur over time 1) Construction and occupation of the Public 
Research Centre 2) Housing provision and successful occupation. Extending 
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from previous example, I will call this case an example of ‘second degree’ 
dependency. 
Table 2.4 A hypothetical illustration of the path dependency problem in a 
typical KBUD land use development process 
 
In the masterplans of a typical knowledge based urban development 
(KBUD), it is not uncommon to see more degrees of dependencies which are 
often an increasing function of the timespan of the vision stated in the 
masterplan. 
Why is path dependency particularly important for the planning of 
KBUD’s? One of the rationales of establishing a planned knowledge intensive 
cluster is to take advantage of physical proximity of related actors on site. When 
planned projects run into hundreds of hectares, it is important not to create 
artificial barriers between ‘related’ actors, therefore it is for this reason 
complimentary land uses are identified and advocated in masterplans. 
Knowledge interactions among participating actors are often touted as an 
essential outcome of complimentary zoning in KBUD’s. Despite the increase in 
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the knowledge based urban developments around the world and their 
investments into planning iconic large scale ‘interactive’/’creative’ 
environments that supposedly enhances networks and knowledge interactions 
(Leake & Treloar, 2010; Sanz & Lund, 2007), determinants of knowledge 
interaction between ‘actor’s in planned clusters (mostly STP’s) are less 
understood (Koçak & Can, 2014; Pittaway, Robertson, Munir, Denyer, & 
Neely, 2004).   
Empirical research of case studies and surveys on the benefits of co-location 
in KBUD’s have generally been weak, some authors find some evidence for 
intra-cluster interaction (Phillips and Yeung, 2003; Chan and Lau, 2005), 
positive social and commercial interaction but low levels of collaboration 
among employees conducting research activity (Bakouros, Mardas, & 
Varsakelis, 2002; Felsenstein, 1994; Jonsson, 2002; Van Dierdonck, 
Debackere, & Rappa, 1991). 
While establishing path dependency is considered important and relevant 
for planned knowledge based clusters, some important questions remain 
unanswered regarding the identification and justification of path dependency in 
KBUD’s. For example who are the actors and what knowledge interactions 
might they engage in? How can we classify them? Moreover how built 
environments can facilitate such engagements are less studied in the urban 
planning literature. Due to this lack of research available on this subject, land 
use design criteria that aid zoning process to co-locate actors that would 
supposedly increase the occurrence of ‘knowledge interactions’ remain very 
arbitrary and discretional among urban planning practitioners. To address this 
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problem, it is important to ask, What is the theoretical land-use design criterion 
that could allow knowledge interaction among participating actors in a 
Knowledge-Based Urban Development (KBUD)? Chapter 3 elaborates on 
addressing this research question and provides some coherent stylized facts 
from the extant literature that could be used as physical guidelines. 
Uncertainty of participants in KBUD 
The second related challenge in the development process of KBUD’s is the 
uncertainty of expected participants. Planned systems are bound to face 
unexpected challenges, alternative scenarios are crucial to ensure sustainability 
of long term plans on ground. However the traditional comprehensive planning 
approach is often a single static vision of expected development which gives 
little room for deviation from the plan. While this is a problem for any urban 
development project, more specifically for knowledge based urban 
development it gets complicated if taken together with the path dependency 
nature that exists in these spaces detailed in the previous section. Extending the 
abstract example given in Figure 2.4 (b), I will use Figure 2.5 below to elaborate 
the step-wise impact of uncertainty on the course of the land use development 
process. 
Consider a typical scenario after the plan conceptualization phase of the 
comprehensive mixed-use zoning plan, where demand for the primary actor 
which in this case is the ‘public research Centre’ (as given in figure 2.5 b) 
plummets either due to a general economic crisis or specific budgetary cuts of 
public expenditure on research. This shock has the potential to hollow out the 
primary actor as shown in Figure 2.5 (Stage 1) in the land use design. In the 
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second stage, the uncertainty about the primary actor or more commonly known 
as anchor tenant will naturally hold back the development of adjacent parcel 
which is planned to house ‘allied university research institutes’.  
Table 2.5 Impact of economic uncertainty on the land use design and 
planning process 
 
This could be either due to a general economic slowdown or simple because 
the allied institutes in the absence of the anchor tenant (s) see little positive 
externality to gain from being the first mover. 
Subsequently the retail/commercial activity zone planned to support a live 
and play lifestyle to the primary actors loses its relevance almost immediately 
due to its isolation from the entire development at large. Subsequently the 
school may never get built as the critical populations needed to support a new 
school have not been reached due to the initial derailment of actor participation 
in the sub-cluster. In planning practice, from our interviews with urban planners 
of One north KBUD in Singapore we found that this loop could be as short as 2 
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or 3 years from plan conception to plan obsolescence. Once the plan is reached 
stage 4, it needs to be discarded for a new one (stage 4) which substitutes one 
primary actor for another. This static inflexible long term nature of the 
traditional planning approach for KBUD’s makes it unsustainable in the long 
run calling for frequent intervention by the planner. 
The repeated overhaul in the zoning system makes it difficult to house any 
two or more actors together successfully to reap expected benefits of co-location 
of actors as envisioned in the masterplan. The initial design criteria (based on 
social, economic, transportation, actor compatibility etc.) and other expert 
inputs that informed initial zoning allocation which establishes path dependency 
could potentially fade away due to market uncertainty over time, often rendering 
masterplans unusable and ineffective in guiding long term development. When 
the development sheds its design goals that keep the complimentary nature of 
the plan intact, the knowledge based cluster loses one of its goals which are to 
ensure co-location of tenants that could favor intra-cluster interaction.  
It is due to these reasons that the comprehensive master planning approach 
originally conceptualized in the 19th century would be an unsustainable project 
development tool in the 21st century, especially for planning mixed use, long 
term knowledge intensive industrial clusters. In my thesis to address this 
concern, I pose my second research question as follows, How does planning 
methodology impact the mixed-use knowledge based urban development’s path 
dependency under different degrees of market uncertainity? How can planners 
envision alternative scenarios of the Knowledge-Based Urban Development 
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(KBUD) that enhances intra-cluster knowledge interactions? What could be the 
trade-off’s of such an outcome?  
2.4. Urban planning methods 
The two problems addressed in the second chapter defining my research 
problem (Chapter 2: Research problem) are fundamentally a concern for the 
planning methodology undertaken in the land use development process of 
Knowledge based urban developments (KBUD). The planning methods used 
for modern industrial planning draws its roots deeply from historical planning 
philosophy and its methodology.  
While urban planning theory traditionally deals with the relational concept 
of space and place; planning practice is concerned with implementation of plans 
on ground. Urban planning in practice can be defined as a technical as well as a 
political process concerned with the use of land and design of the urban 
environment to achieve a set of goals. These goals can be multifaceted (social, 
economic, transportation etc.) and are carried out by different stakeholders such 
as public, private or quasi actors. (Public-private partnerships). Most often 
urban planners in practice are concerned with making decisions, design and 
planning urban spaces while academic researchers associate themselves with 
explaining occurrence of an existing phenomenon and forecasting future 
directions in the field. It is for this reason that it is sometimes argued that urban 
planners and academic researchers deal with two sets of activities that are 
fundamentally different from each other (Wilson, 1968). 
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In a general sense, urban planners (practitioners) have seemed to be failing 
to critically address the spatial-temporal dynamics of planned spaces over time. 
While planning thought is changing as to how to approach planning actions in 
reality, there is very little critical attention given to how socio-spatial relations 
are conceived (Graham & Healey, 1999). Although planning thought moved 
away from an static deterministic or rationalistic planning approach in the 60’s 
and 70’s to a communicative approach in the 80’s where planning methodology 
advocated a more procedural alternative to account for the changing socio-
spatial nature of ‘planned’ spaces (see Forester (1993); Harper and Stein 
(1995)), many practitioners still have difficulty in grasping the complex space-
time dynamics of the contemporary urban change.  
In the next two sections I will go through the philosophy of two major 
schools of planning thought adopted by contemporary urban planners. 1)  The 
Comprehensive development plan 2) Disjointed incrementalism or incremental 
(‘Ad-hoc’) planning approach. These planning methods have their own 
advantages and disadvantages associated with them. I will go through their 
origins, advantages and features of them as they are similar for modern 
industrial planners developing knowledge based urban developments (KBUD's) 
today. Furthermore in Chapter 4: Methodology, I will use some of the stylized 
facts of these two approaches to develop alternative planning methodology 






i. The Comprehensive development planning approach 
This planning thought although conceived with the garden city movement 
in the early 1900's gained widespread attention among practices during the post-
war periods. Urban planning was conducted in a deterministic approach which 
kept planning practice engaged in ‘object-centered’ approach to solving 
planning problems. When a particular area is chosen for planning, the planning 
area’s time-space was often conceptualized as a ‘container’ bounding the 
activities locally. These planning ideas which was mooted by King (1996) and 
later by (Graham & Healey, 1999),were supported by the philosophy of 
“instrumental rationality where institutional politics of hierarchical, 
technocratic power and by notions of physical and environmental determinism”. 
There was hope in the planning community that universal social 'progress' was 
possible through well directed, planned change. 
Thus the planners task was to envision and thereby create and manage an 
integrated structure where population, social structure, economic and 
environmental dynamics were assumed to be interrelated in the city. The growth 
of the city was forecasted using simple functional relationships between actors, 
physical form and land uses (Chapin & Kaiser, 1965). This linear cause-effect 
way of achieving the desired socio-spatial order and its socio-economic order 
being expressed led planners to advocate the 'master plan' or a comprehensive 
plan. This approach was legitimize rational minds to prevail in the land use 




The comprehensive planning approach was favourable when it was 
advocated due to two main reasons. 1) The frictional effects of distance on 
transportation and communication limited possible external influences on the 
planned region (). In other words, migration was considered to a non-issue, 
which led planners to assume steady population growth rates. 2) As Webber 
(1964) puts it "most planners [at that time] share a conviction that the physical 
and locational variables are key determinants of social and economic behaviour 
and of social welfare", i.e. human life was expected to be shaped by the location 
and environment within which it occurred. 3) The development with stringent 
'visions' advocated by urban planners and policy makers can be at odds with 
dynamic nature of space-time parameters resulting in disruptive consequences 
(Harvey, 1996). The predominant land use development approach could be 
summed up by urban planning practitioners, developers and stakeholders as 
“Let us build and they will come”. 
According to Friedmann (1971) theoretical drawbacks of the approach 
according to are mainly three fold. The first argument is a political one, it comes 
from the notion that perceptions, interests and societal values are largely 
determined by the location of the observer in urban context and hence the 
resulting multiplicity of societal perspectives or values by logic cannot be 
integrated into a normative hierarchy.  Thus differing perspectives of values and 
priorities are best resolved through negotiation and bargaining 
(consultative/collaborative planning) which results in political pressure. The 




Most comprehensive development plans are often vitally dependent on 
external forces which they rarely could foresee or control in any manner, the 
land use planning document must be extremely flexible and  opportunistic (i.e. 
economic at the cost of social and design goals) which would not allow large 
uncertainties to unsettle the masterplan. We know that the comprehensive 
planning method does not allow for such uncertainties during conditions that 
limit autonomous decision making. Thirdly societal actions for resource 
mobilizing tend to be short term with limited (imagine actions of individual or 
firms) capacity and short term view as opposed to long term planning, although 
master plans incorporate an integrated ideological approach to planning by 
balancing a variety of societal goals such as design, environmental, public 
transportation etc., individual/firm level actions take precedence when there is 
a conflict between actions and societal (design, environmental etc.) goal. 
To elaborate on the last point, we can imagine an example of a knowledge 
based urban development with an identified design goal of maximising actor 
relations by specifying design conditions for co-location using mixed use land 
use design strategies. Although planners would believe this would enhance the 
social value by increasing the probability of useful interactions to take place it 
relies heavily on firm level interests to align with the master design. It also 
depends on the assumption of participation levels by selected groups in the case 
of technology parks, in which case their absence might lead to non-alignment 
of design goals. In such a scenario the masterplan bends to the will of the actions 
of individuals and firms instead of the other way around. 
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There are also several drawbacks to employ this methodology in urban 
planning practice in cities of the 21st century, the first and one of the important 
drawback is the failure to consider that today cities grow as a very diverse, 
fragmented or splintered unit (Ellin, 1997). While a comprehensive 
development or planning approach uses the object oriented Euclidean 
depictions of spaces which often implicitly supports the idea those single, 
unbiased representations of places are possible or even desirable. As David 
Harvey (1996, p. 284) suggests planners who suggest a single dominant image 
out of multiplicity exhibited in cities is often an act of “power-laden act of 
domination”. The rejection of a homogenous static spatial order for planning 
our cities is echoed in the writings of Boyer (1983, 1995), Byrne (1996) and 
King (1996) as well. Surprisingly the comprehensive planning methodology is 
still practiced today due to its simplicity and convenience. It remains implicitly 
dominant methodology "in the deep intellectual foundations of many areas of 
planning theory." (Graham & Healey, 1999). 
ii. Disjointed incrementalism - The incremental planning approach 
An examination of planning approaches from various countries and regions 
often show that planners in those countries were inspired by the garden city 
movement making master planning or comprehensive development plan 
approach the dominant means to achieve intended urban goals (Mosha, 1995). 
However population differences, resulting congestion, volatile market and lack 
of mature financial instruments meant that a physical planning approach with a 
strong bias in land use planning alone would not be sufficient to achieve long 
term urban outcomes.   
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The comprehensive approach stated earlier did not go unopposed in the 
planning literature. Few noted opposition came from classical works  by 
economists and political scientists such as Albert O.Hircschman (Hirschman, 
1958) and James Q Wilson (Wilson, 1964) but mostly importantly Charles E. 
Lindblom (Charles Edward Lindblom, 1965) and Cooper, Eastman, Johnson, 
and Kortanek (1971) during the prevalence of the systems dynamic planning 
thought in urban planning in the early seventies and eighties. The first two 
authors gave support for a more non-intervention approach to future city 
planning as automatic equilibrium responses maximize efficiency in the public 
economy and that comprehensive planning are inconsistent with the pluralist 
urban politics mainly in the western world. 
 Charles E Lindblom (1979) argued for different strategy in urban planning 
which became to be known as synoptic decision making or more formally as 
“disjointed incrementalism” that called central governments to engage in short 
term plans as opposed to the radical free market approach of no planning at all. 
This is because, Charles saw the futile effort by governments to imagine that 
they can ‘design’ spaces using a one size fits all rule in urban spaces, he 
succinctly put this point as follows, “..The choice between synopsis and 
disjointed incrementalism or between ill-considered, often accidental 
incompleteness on one hand, and deliberate, designed incompleteness on the 
other...”  
This approach is also closely associated with political will and level of 
democratic freedoms on the planning authority in charge in urban systems. 
Systems that muddle through with incremental politics drawing on consensus 
57 
 
along the way are more likely to have disjointed incrementalism in their 
planning practices (Charles E Lindblom, 1959). This is not to say these systems 
are in principle slow moving, but more consensus driven invoking fairness as 
an important ideal but might sometimes be socially and economically frustrating 
as changing status quo is difficult. 
 The planning methodology entails a series of small piecemeal approach as 
the only alternative to avoiding any long term investments made say by a 
comprehensive long term planning approach. This is also one of the most 
ancient view of urban planning practice which has its advantages in the form of 
speed, flexibility and 'economy' due to limited wastages in resources due to 
failed anticipation of growth trajectories. An extended version of this planning 
approach can also be termed 'reactive planning' as opposed to 'active planning' 
as expressed in the previous land use planning approaches. On the long run, due 
to resource constraints and congestion externalities planners may scramble to 
fix problems in the short run instead of thinking about long term consequences. 
The predominant land use development approach could be summed up by urban 
planning practitioners, developers and stakeholders as “let them come and we 
will build”. 
While the short run advantages are clear, there are some long term 
disadvantages when this approach is used in planning practice. 1) Planners 
increasingly face systemic problems due to congestion often leading to reactive 
planning as opposed to active planning 2) Cost of space increases. This is 
because supply and demand are sticky but land is limited, thus building less in 
the short run can induce a shortage of space if face with increasing demand 
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leading to artificially inflated prices. 3) Land use is suboptimal in the long run 
as plot ratios are often small due to infrastructural constraints and lack of long 
term investment climate. In most cities the height of buildings is commensurate 
with large scale infrastructure planning (e.g. Power, roads, water etc.) by the 
state to support traffic, safety and access. The short term planning approach thus 
leads to a perennial problem wherein increase in plot ratios requires an 
improvement in infrastructure in the already built up environment. This is one 
of the reasons why many developing cities adopt short term urban planning to 
deal that could weather well under high market and political uncertainties.  
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Source: Author (2013) 
The two major approaches in urban planning discussed above can be 
thought of two extreme philosophies that exist in urban planning systems in 
different cities. There is enough room for planners to adopt approaches that lie 
in between these two polemic views of urban planning methods. In fact in the 
planning literature, we can find that conceptually planning can also take three 
intermediate forms such as 3) transactive, 4) advocacy and 5) radical based 
approach (Hudson, Galloway, & Kaufman, 1979). Transactive planning 
approach gives a more decentralised flavour as compared to the comprehensive 
approach where collective bargaining by people through face-to-face contact 
affect decisions on ground. Planning authorities here perform a mediatory role 
in bringing together stakeholders rather than active as one. The advocacy 
planning approach similar to transactive planning is a movement rooted in the 
sixties which believes in defending the rights and interests of the weak against 
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strong organised cooperate interests and big government using adversary (legal) 
procedures.  
Radical planning is a non-traditional approach that resembles incremental 
planning than the former two approaches. It places a heavy reliance on 
‘spontaneous activism guided by idealistic but pragmatic vision of self-reliance 
and mutual aid’ (Deley, 2010). Personal growth, freedom from manipulation 
and cooperative spirit is stressed to be important. However surprisingly, this 
idea of laissez faire is also believed to be compatible with the transactive idea 
of collective action to achieve immediate social goals. Although I have 
identified five planning methods, one can overall see only two major schools of 
thought (comprehensive and disjointed incrementalism), where the other three 
can be seen as an overlap between those two. Some basic principles of the major 
two systems are often exercised by planners for large scale developments such 
as downtown developments, residential new town layouts, industrial economic 
zones and even knowledge based urban developments such as science parks, 
technology parks, artistic and design communities etc. 
In this thesis, I will propose an agent based modelling approach to develop 
a dynamic planning simulations for knowledge based urban developments that 
would take into account the issue of path dependency and actor uncertainty. 
Multiple planning scenarios will be simulated using different planning methods 
with different market conditions for a diverse set of KBUD actors to compare 
the pros and cons of different planning methodologies under different market 
circumstances. The goal of the model will be to present an evolutionary process 
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of agent behavior over time and space under the two planning systems of 
knowledge based urban developments. 
The model is within an evolutionary approach as adopted by Spencer (2012) 
wherein an agent based model approach is used to simulate the economic and 
social dynamics of a cluster. The difference here is my extension of such a setup 
under two different planning methods as identified from the literature 
earlier.Thus, the “spatial-economic structures are not examples first-order 
emergence” which are mostly unintended outcomes from  micro-interactions 
but also ‘second-order’ emergence which specifically refer to structures and 
organizations (for e.g. alternative planning systems) with unique macro level 
configurations inducing different behavior of micro-level actors on ground 
(Spencer, 2012). 
In Chapter 4: Methodology, I will use some of the stylized facts from this 
section to develop the two alternative planning methods for the scenario 
analysis of a hypothetical knowledge based urban development using the agent 
based modelling approach. However the main objectives of the model is not to 
demonstrate which planning method is superior but to evaluate the performance 
of these two methods under different market conditions on how it cluster level 
variables such as cluster population, vacancy rates, number and heterogeneity 
of firms (big vs small), their distribution across space and more importantly the 
possible path dependency (Knowledge interaction levels) of the project 
(Chapter 3: Literature review on the proposed knowledge interaction design 
criteria-KIDC) at any given point in time (see Chapter 4 for model setup). 
Ultimately the goal of the model is to demonstrate the ways in which variations 
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in different planning contexts can influence cluster performance and sustenance 
and actor distribution in space an over time. This would be followed by 
subjective suggestions on the advantages and disadvantages different planning 
systems for different market circumstances. 
The upcoming chapters of this thesis explain the evolution of my research study. 
The next chapter (Chapter 3: Literature review) explores the planning 
concept of Knowledge-Based Urban Development (KBUD), determinants of 
the so called ‘knowledge interactions’ aimed to propose a theoretical design 
criteria that would be incorporated into the agent based land-use design model 
(KBUD-LUDM). Chapter 4 (Research methodology) introduces the Agent-
Based Modelling Methodology, which is more flexible than the previously used 
linear programming methodology for land-use models. Simulation results using 












3. LITERATURE REVIEW 
 
In the light of the unique challenge my thesis addresses, the overall theme 
of this chapter is to interconnect seemingly disparate academic literatures to 
draw on and address the first two research objectives set out in Chapter 2, 
which is (1) The identification (defining) and classification of 
actors/agents/participants/tenants of Knowledge-Based Urban Development 
(KBUD) and (2) The formulation of an urban design criterion that maximises 
knowledge interaction between actors. To achieve these objectives, I introduce 
three related strands of literature, namely, (1) Knowledge-Based Urban 
Development (KBUD) as a post-industrial planning concept, (2) workspace 
planning and design, which looks into the role of physical design in facilitating 
peer-to-peer interactions among knowledge workers and (3) proximity 
dynamics literature, which explores the various determinants of knowledge 
interactions (KIs) in knowledge-based environments. 
 
The first part, 3.1 Knowledge-Based Urban Development (KBUD), is 
designed to introduce the nascent literature on the subject in the 21st century. 
The initial survey of the existing literature shows that the concept of planned 
post-industrial spaces is inviting increasing interest from various disciplines 
(Castells & Hall, 2009; Gibbs & Deutz, 2005; Gordon & McCann, 2000; Ji-ci, 
2004; Mommaas, 2004). However, the term ‘KBUD’ has been used primarily 
in urban planning and design-related studies (Isaksen, 2004; Richard V Knight, 
1995; T. Yigitcanlar, 2009; T. Yigitcanlar, O’Connor, & Westerman, 2008). As 
it is still an emerging topic of interest to planners, a critical review reveals the 
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lack of academic research on how to plan, design and govern these post-
industrial spaces. I will also point out the contribution of my thesis to extend 
this strand of literature.  
 
The second part of the literature review (3.2 Workspace Planning and 
Design Literature) explores studies looking into the relationship between 
physical design (urban design) and its impact on knowledge workers’ 
productivity. These studies fall under the workspace planning and design 
literature (F Duffy, 1997; Francis Duffy, Jaunzens, Laing, & Willis, 2012; 
Toker & Gray, 2008), where the authors study interaction levels among 
knowledge-based workers by exploiting differences in physical settings in 
knowledge-based spaces (space syntax analysis) and compare them against 
workers’ productivity levels (after controlling for their individual differences). 
Although less consistent, previous research on workplace design (case studies 
and surveys) and worker interaction suggests that ‘physical setting’ (design) and 
other workspace arrangements have a sizeable impact on knowledge workers’ 
interactions, comfort levels and, consequently, on productivity. 
 
The third part of the literature review explores the proximity dynamics 
literature, where the studies look into the different types of knowledge 
interactions (KIs) and how the role of space (design) facilitates or retards them. 
I will report some major conclusions and use them to devise my knowledge 
interaction design criteria (KIDC), which is employed in the Knowledge-Based 
Urban Development land-use design model (KBUD-LUDM) for the case of  
‘One north’, Singapore (Chapter 4: Research methodology). This chapter 
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concludes by giving a detailed account of the proposed knowledge interaction 
design criteria (KIDC), where the role of design in facilitating knowledge 
interactions (KIs) is presented in a theoretical framework (3.4 Knowledge 
Interaction Design Criteria). 
3.1 Knowledge-Based Urban Development (KBUD) 
 
As previously mentioned, the term Knowledge-Based Urban Development 
(KBUD) arises from different viewpoints in the academic literature. An 
institutional definition by Knight (1995) defines “Knowledge based [urban] 
development [as] the transformation of knowledge resources into local 
development [which] could provide a basis for sustainable development”. From 
an economic point of view, Knowledge-Based Urban Development (KBUD) 
can be defined as “one in which economic growth is centred on the production, 
distribution and use of technology” (B. Bajracharya & Too, 2009). A more 
planning-oriented definition is that “they are a cluster of R&D activities, high-
tech manufacturing of knowledge-intensive industrial and business sectors 
linked by mixed-use environment including housing, business, education and 
leisure within an urban-like setting”(T. Yigitcanlar, O’Connor, et al., 2008).  
 
The last definition views Knowledge-Based Urban Development (KBUD) 
as a emergent form of planning paradigm in a post-industrial society, in which 
the “ultimate goal is for a city to be designed to encourage and enable the 
production and circulation of abstract work” (Cheng, Choi, Chen, Eldomiaty, 




Recent studies in urban planning have shown great interest in post-industrial 
cluster development under the paradigm known as Knowledge-Based Urban 
Development (KBUD) (Carrillo, 2004; T. Yigitcanlar, Velibeyoglu, et al., 
2008). Previous research on Knowledge-Based Urban Developments (KBUDs) 
has predominantly used case studies from various cities of Europe, North 
America, Australia and Asia. This line of research advocates the social, 
institutional and cultural policies that are necessary for successful knowledge-
based clusters (Isaksen, 2004; Richard V Knight, 1995; T. Yigitcanlar, 2009). 
The Knowledge-Based Urban Development (KBUD) literature has identified 
five broad themes that most knowledge-based developments routinely strive to 
achieve. T. Yigitcanlar, O’Connor, et al. (2008) group them as (1) living and 
working, (2) centrality, (3) connectivity, (4) learning and playing and (5) 
branding.  
 
Knowledge-Based Urban Developments (KBUDs) in planning practice broadly 
attempt to achieve some sort of a combination among these five themes. For 
example, living and working concepts of mixed-use developments are central 
goals of Knowledge-Based Urban Developments (KBUDs) such as the Helsinki 
Digital Village in Helsinki, Finland and the Kelvin Grove Urban Village in 
Brisbane, Australia. However, learning and playing are central themes for 
developments such as the Copenhagen Crossroads and the Zaragoza Digital 
Mile in Spain. Connectivity to a global talent pool and intra-cluster physical 
connectivity via pedestrian-oriented urban design are the central goals of 
Singapore’s One north development. City branding or re-branding creates a new 
symbolic value to old industrial cities (B. Bajracharya & Too, 2009); examples 
67 
 
of this theme would be knowledge-based developments such as the Taipei 101, 
@22 Barcelona and Seoul’s Digital Media City. 
 
According to Searle and Pritchard (2008), Knowledge-Based Urban 
Developments (KBUDs) can also be divided into three types of clusters based 
on the type of activity they stand to support. The first type includes the 
knowledge-intensive service cluster that houses corporate headquarters (HQs) 
and higher order business and financial services – more commonly known as 
the ‘financial city’ model. The second type hosts specialised high-technology 
Research and Development (R&D) activities in fields such as Information 
Communications Technology (ICT), life sciences (biomedical/biotechnology) 
and media industries (e.g., Singapore’s Biopolis, Maryland’s DNA Valley, 
Seoul’s Digital Media City, Cambridge’s Science Park). The third type hosts a 
variety of creative fields responsible for cultural knowledge production such as 
the arts, media and entertainment industries (e.g. Seoul’s Digital Media City, 
Mediacity UK, 22@ Barcelona, and Gold Coast Cultural and Civic Precinct, 
Brisbane Kelvin Grove Urban Village). Knowledge-Based Urban 
Developments (KBUDs) more commonly have a combination of two or more 
of these themes; for example, One north in Singapore has three sub-clusters that 
support all the three types of activities – high-tech Research and Development 
(R&D), cultural knowledge production and supporting knowledge-intensive 
business and service cluster. 
 
Recent studies in urban planning have shown great interest in planned post-
industrial urban development under the paradigm of Knowledge-Based Urban 
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Developments (KBUDs) (Carrillo, 2004; T. Yigitcanlar, O’Connor, et al., 
2008). As previously mentioned, scholarly literature of Knowledge-Based 
Urban Developments (KBUDs) have often focused on case studies covering 
institutional and governance aspects and their evaluation (Chatzkel, 2004; 
Garcia, 2004; Isaksen, 2004; Richard V Knight, 1995; T. Yigitcanlar, 2009; T. 
Yigitcanlar et al., 2012; T. Yigitcanlar, Velibeyoglu, et al., 2008).  
 
Studies have largely been more approach oriented ranging from governance 
and institutional policies to developing metrics to evaluate the performance of 
these knowledge based developments. On the urban planning and governance 
part authors have come up with generalized approaches that planning authorities 
could take in creating sustainable knowledge based developments. These 
include ‘KBUD Analysis Model’ (T. Yigitcanlar & Velibeyoglu, 2008), 
‘KBUD Characteristics model’ (Ergazakis, Metaxiotis, & Psarras, 2006), 
‘KnowCis Model’ (Ergazakis et al., 2006), ‘Alert Model’ by Corey and Wilson 
(2006) and the famous ‘MAKCi Model’ (2009) established by the World 
Capital Institute. The above models have a detailed description of common 
features identified from popular knowledge based development approaches in 
different cities. Reviewing the details of these institutional models is however 
beyond the scope of my thesis.  
 
Very few people9 have looked into the possible functional role that physical 
designs could play in such specialised spaces, to induce or facilitate intra-cluster 
interactions. Such interactions are believed to enable a vibrant and interactive 
                                                          
9 With the exception of Allen (1984); Toker & Gray (2008). 
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local environment, a phenomenon dubbed as the ‘local buzz’ (B. Asheim, 
Coenen, & Vang, 2007; Bathelt, Malmberg, & Maskell, 2004). The lack of 
understanding of how land-use design could influence intra-cluster interaction 
levels leads to the constant need to experiment with the urban design process of 
Knowledge-Based Urban Developments (KBUDs). Lately urban planners have 
been practising mixed-use zoning10 in Knowledge-Based Urban Developments 
(KBUDs) to accommodate a diverse set of actors such as high-technology 
companies, R&D institutions (public and private), university departments, 
prestigious and affordable housing and entertainment and retail establishments.   
 
These mixed-use designs are implemented via multidimensional topology using 
three types of zoning instruments such as horizontal, vertical and over time 
(Hoppenbrouwer & Louw, 2005; Rowley, 1996) on four different scales in the 
order of size, namely, building, block, district and city levels. Table 3.1 below 
exhibits the dimensions and spatial scales at which zoning can be used to create 
mixed use environments for knowledge based developments. 
 
Although mixed-use land-use design is recognised as an important tool to foster 
intra-cluster/community interactions in urban spaces (Leyden, 2003), the urban 
planning literature on Knowledge-Based Urban Development (KBUD) has 
largely ignored the possibility of engineering efficient mixed-use land-use 
designs to facilitate and enhance them. 
 
                                                          
10 The notion of ‘live, work, play’ is ubiquitous in knowledge-based developments.   
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Table 3.1 Components of mixed land-use designs 
Dimension Building Block District City 
Shared premises 
 
   
Horizontal dimension  







Source: Adopted from  Hoppenbrouwer and Louw (2005). 
 
Inferring from my interviews with planners from One north (refer to Chapter 
2 for a detailed discussion), there exists the need for a set of rules to design 
spaces that favour interaction between different sets of actors in a Knowledge-
Based Urban Development (KBUD).  In other words, the planner primarily 
needs scientific guidance to determine which actors are more likely to interact, 
share and transfer knowledge with others. 
 
As explained previously in Section 2.4, this would be the starting point of 
my exploratory research on Knowledge-Based Urban Development (KBUD) in 
this direction. In order to answer this question, a thorough understanding of the 
actors of Knowledge-Based Urban Development (KBUD) is necessary. I will 
turn to this exercise in the next section. A simple survey of the literature on post-
industrial clusters reveals that a finite set of actors participate in such 
knowledge-based cluster developments. These ‘tenants’ who reside in KBUDs 
stand much to gain from clustering owing to ‘localisation economies’ (B. T. 
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Asheim & Clark, 2000) that are responsible for speeding up the process of 
innovation in their organisations. 
 
3.1.1 Knowledge-Based Urban Development (KBUD) actor classification 
 
I now proceed to broadly define the actors and the role of each actor specific 
to the Knowledge-Based Urban Development (KBUD). The classification is 
presented in Table 3.2 and a pictorial representation of the types of actors in 
Knowledge-Based Urban Development (KBUD) is given in Figure 3.1. Every 
actor performs a unique function but on some level, as I will show in the next 
section (Section 2.1.2), they do show a possibility of interaction with each other. 
 
The first actor, university, acts as the locus of knowledge generation in 
knowledge-based clusters as universities are seen as a source of new knowledge 
(Anselin, Varga, & Acs, 1997; M. P. Feldman, 1994; AnnaLee Saxenian, 1994). 
Knowledge diffusion from university research can take place through formal 
cooperation with firms, via mobility of graduates into firms and informal social 
interactions between employees and university researchers (Torre & Rallet, 
2005; Vas, 2009). Many studies have found a significant and positive effect of 
the presence of universities in locations with higher start-up rates, R&D 
facilities, high-technology production and human capital (Bania, Calkins, & 
Dalenberg, 1992; De Meyer, 1991; Nelson, 1986; Rees & Stafford, 1986). 
Anselin et al. (1997)  underline the importance of research in universities as, 
‘The importance of basic university research in the stimulation of technological 
innovation and higher productivity is derived from the public good nature of the 
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research, and the resulting positive externalities to the private sector in the form 
of knowledge spillovers’ (Anselin et al., 1997). 
 
The role of public research institutes (PRIs) in the innovation process has 
been well documented using case studies concentrated on analysing high-
technology clusters such as Silicon Valley, Austin/San Antonio Corridor, Route 
128 in Boston, Cambridge Science Park region and Phoenix area in the United 
Kingdom (Hobday, 1988; Saxenian, 1996; Segal, Smilor, Kozmetsky, & 
Gibson, 1988; Smilor, Kozmetsky, & Gibson, 1987; Wigand, 1988). Public 
research institutes (PRI) constitute an important source of input for innovation. 
Public research institutes (PRIs) often “absorb and accumulate knowledge” 
(Fritsch & Schwirten, 1999) that has been created elsewhere, or create new 
knowledge and diffuse it into the economy.  
 
They have several channels of achieving this task. Public research institutes 
(PRIs) engage in codification of information (publishing scientific materials in 
journals), undertake contract research with firms in the form of joint R&D 
projects and provide consulting programmes to organisations and training 
personnel from the industry (Fritsch & Schwirten, 1999). As face-to-face 
interactions are important channels of knowledge transfer, the geographic 
proximity of public research institutes (PRIs) and the private sector is a crucial 
component of regional innovation systems (RIS) (Cooke, 2001; Cooke, Uranga, 





Figure 3.1 Types of actors in a KBUD innovative ecosystem 
 
Source: Author, (2013) 
Private research institutions (e.g. Brookings, Scripps, Carnegie Mellon, 
etc.), extra-university research arms (e.g. Max Plank Institute, Rockefeller 
Institute, etc.) and non-governmental organisations (NGOs – WRI, Greenpeace, 
Amnesty International, etc.)11 also create a group of actors involved in the 
process of innovation through applied research. Their research programmes are 
generally goal-oriented, and fields of science are often niche. Most non-
governmental organisations (NGOs) are established in order to conduct research 
to address socially pressing issues (e.g. AIDS, tuberculosis, dengue, etc.) and 
thus perform research programmes that are experimental in nature. 
 
 
                                                          
11 WRI- World Resources Institute. 
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Table 3.2 Classification of participants of KBUD by their role in a 
knowledge-based economy 
Source: Author, (2012) 
 
Technology firms act as the locus of industrial production and are central 
agents in commercialising and distributing new technology. Innovation and 
output are associated with firm entry, networks and higher productivity growth 
(Acs & Audretsch, 1990; Elfring & Hulsink, 2003; Smith, Collins, & Clark, 
2005). In a cluster, the transfer of knowledge between firms with a strong 
Participants Role in the knowledge cluster 
University Primary driver of knowledge creation 
Public Research Institute 
(PRI) 
State funded basic and applied research (civilian- 
and defence-related) 
Private, extra-university 
research institutes, NGO 
research establishments 
Promotes more niche, goal-oriented, socially 
pressing research programmes, clinical trial–
oriented experimental research programmes 
Technology firms 




Often dubbed as the ‘third pillar of the knowledge 
economy  – talent agencies, IT, legal, finance 




manufacturing and R&D core can be gained easily with the geographic 
proximity (Baptista & Swann, 1998; Pavitt, 1987).  
 
In a knowledge-based economy, the service sector plays a direct role in the 
innovation process. More formally known in the innovation literature as 
Knowledge-Intensive Business Services (KIBS), the service firms can be 
defined as ‘as firms performing mainly for other firms, services encompassing 
a high-intellectually value-added’ (Muller & Zenker, 2001b). They can be 
divided in two types: (1) traditional knowledge-intensive business services 
(KIBS) and (2) new technology-based KIBS. The service sector thus is referred 
to as the third pillar of the knowledge economy providing the supporting 
traditional services such as IT, financial, legal, training, networking, building 
and real estate services to primary universities, PRIs and high-technology 
companies. Some examples of new technology knowledge-intensive business 
services (KIBS)  are telecommunication services, new technology training, 
design of new technologies (including precision engineering), technical 
engineering and R&D consultancy services  (den Hertog, 2002; Hertog, 2000). 
 
3.2 Workspace Planning and Design literature 
 
Peer-to-peer interactions 
The importance of knowledge in catalysing the process of technological 
innovation is undisputed in the Science and Technology (S&T) literature 
(Hargadon & Sutton, 1997; Kanter, 1988; Mascitelli, 2000; I Nonaka & Konno, 
1998). Individuals working in knowledge-intensive industries require 
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information resources within their spatial horizon to facilitate the consumption 
of existing information. Among all available information resources,12 the face-
to-face interaction between workers is known to be an important medium that 
facilitates creation, sharing and transfer of knowledge. Such interactions are 
defined as consultations among peers and involve task-related exchange of 
information. Also, the greater number of information sources a knowledge 
worker is exposed to, the greater is his/her knowledge stock. In her seminal 
work, Sonnenwald (1999) showed that knowledge workers who are exposed to 
a large number of information resources (such as mentors, peers for 
consultation, literature, subject experts, etc.) will expand their knowledge more 
than unexposed groups of workers. 
 
Previous research has also stressed on the importance of face-to-face 
consultations in knowledge-related workspaces. For example, Allen (1984), in 
his seminal analysis on R&D projects, showed that an increase in number of 
consultations among research groups correlates with higher subjective expert 
ratings of R&D effectiveness. In studying team performance in an education 
department, Ancona and Caldwell (1992) found that similar information 
accrued via face-to-face interactions between workers benefited overall team 
performance. Salter and Gann (2003), using a case study, demonstrate that non-
routine patterns of work13 by high-technology workers are largely relied on 
face-to-face interaction “with peers for problem solving and transfer of ideas”.  
 
                                                          
12 Information sources, namely, face-to-face, journal articles and other forms of media 
(television, radio, Internet, newspapers, etc.). 
13 A characteristic feature of workers in knowledge-based industries. 
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This body of research, although co-relational, suggests that peer interactions 
(face-to-face), which facilitate information transfer, represent an important 
information resource for the process of firm level innovation. These findings 
have provided a strong basis for the design community to propose the notion 
that there exists a potential contribution for workplace planning, which 
essentially moulds human behaviour and interactions in R&D-oriented 
environments (Toker & Gray, 2008).  
 
In this direction, the design studies on workspace planning shifted from 
conventional office planning to the non-routine – group-based, interactive and 
knowledge-based workspace planning. These studies collectively advocate 
designs of work settings that emphasise the provision of informal spaces. Social 
amenities such as cafes, bars and restaurants promote social interactions among 
workers. These open-ended designs, coupled with private spaces to support 
concentrated work, enable a creative environment by facilitating easy 
information exchange (F Duffy, 1997; Francis Duffy et al., 2012).  
 
However, the research on the beneficial effects of design to sustain face-to-
face interactions has been limited in micro-environments (e.g. office 
floor/building level). There is lack of understanding about how an efficient 
design can benefit large-scale knowledge-based developments. In the case of 
planned knowledge-based clusters, the influence of spatial design exists not at 
the level of the building but beyond that, on the level of the urban precinct14 or 
even a new town. On this scale, land-use design becomes an important planning 
                                                          
14 Urban precinct here is defined as an election district of a city or town. 
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instrument that shapes the relative position of workers in space. Once the 
planner understands the characteristics of the participating actors and their 
determinants of interaction with each other, theoretically, this information can 
be exploited to create efficient land-use designs for knowledge-based 
developments. By placing related activities together, complimentary land-use 
designs can thus create and support interaction patterns of peers within and 
across scientific fields.  
In planning practice, mixed-use designs have become popular to 
complement the activities and foster interaction in knowledge-based urban 
settings. Although mixed-use land-use design is recognised as an important tool 
to foster intra-cluster/community interactions in urban spaces (Leyden, 2003), 
through our interviews with post-industrial planners (see Chapter 2), 
identifying related ‘activities’ or ‘actors’ to facilitate their integration in designs 
seem to be a hurdle for Knowledge-Based Urban Developments (KBUDs). A 
basic understanding of knowledge interactions among workers would be a 
starting point to explore the types of interactions that might occur and their 
determinants in knowledge-intensive clusters. 
3.3 Knowledge interactions (KIs) in KBUD’s 
 
Innovation in knowledge-based clusters is often an interactive process and 
therefore close interaction among actors is important to speed up the process of 
regional innovation (B. Lundvall & B. Johnson, 1994; B. Ä. Lundvall & B. Ä. 
Johnson, 1994). A typical employee involved in R&D work is often collecting, 
diffusing and processing information simultaneously, which in turn depends on 
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his/her ability to acquire that information, which is, engaging in ‘knowledge 
interactions’ (KIs) through useful networks. 
Knowledge interactions (KIs) can be defined as “the continuous and dynamic 
interaction between tacit and explicit knowledge that happens at the individual, 
group, organizational, and inter-organizational levels that leads to 
creation/sharing or transfer of knowledge/information” (Ikujirō Nonaka & 
Takeuchi, 1995). It is well known that knowledge interaction and other positive 
externalities play a crucial role in innovation-driven economic growth.  
 
Recent studies of knowledge-based clusters have identified various types and 
channels through which interactions occur between actors involved in the 
process of innovation. Knowledge interactions (KIs) can occur through inter-
personal relationships (personal/professional/mixed) that are formed as a result 
of intra-cluster collaborations (e.g. contract research), human capital transfers 
(intra-cluster job transfers), major events (e.g. conferences, trade fairs, etc.), 
field/sector-based communities (e.g. research-based consortiums), by sharing of 
capital resources (e.g. public and private grants, expensive equipments, etc.) and 
even through unplanned accidental encounters (B. Asheim et al., 2007; Kesidou, 
Caniëls, & Romijn, 2009; Lawson & Lorenz, 1999; Meeus et al., 2004). 
 
Spatial proximity plays an important role in supporting such knowledge 
interactions through the formation of inter-personal relationships 
(formal/informal) through both planned and unplanned encounters. According 
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to Foray (2005), barriers to interaction between ‘related actors’15 are among 
other factors most sensitive to increasing geographical distance. The micro-
design of office/research buildings and their orientation with each other also 
partially determine the movement and co-presence of actors on-site, which, in 
turn, could influence inter-personal interactions in space (Rashid, Kampschroer, 
and Zimring (2006). Using spatial and behavioural data collected at knowledge-
based companies showed that spatial layouts have a consistent influence on 
worker movement and subsequent interactions. At a building level, spatial 
layout was found to be important in facilitating ‘useful’ knowledge interactions 
(KIs). Some studies provide empirical evidence to show that as the mean 
integration of an area of a building increases, the integration among workers as 
evidenced by the frequency of interactions also increases (Hillier et al., 1990; 
Penn & Hillier, 1992). In general, well-informed spatial layouts seem to have 
an impact on the interaction levels in workspaces.  
 
On a more macro level such as for the Knowledge-Based Urban 
Development (KBUD), land-use design can achieve this by reducing physical 
barriers, thereby increasing overall physical accessibility to ‘relevant’ partners 
on-site. Also, by providing adequate amenities, one can create opportunities for 
knowledge workers to meet and interact. When such land-use deigns bring 
complimentary or inter-dependent knowledge activities together through 
mixed-use zoning, the overall probability of useful interactions would increase. 
As these ‘related’ actors are brought close to one another through mixed-use 
zoning strategies, workers can gain positive externalities easily through 
                                                          
15 Actors that belong to a common economic, institutional or organisational context. 
81 
 
planned/spontaneous ‘face-to-face’ interactions, a quintessential phenomenon 
in the knowledge economy.  
 
The most intuitive way to achieve high levels of interactions would be to 
mix a variety of land uses in the design and simultaneously increasing the 
overall density of the development. This would essentially reduce the average 
spatial proximity between participants on-site. However, it is well known that 
in order for knowledge interactions (interactive learning) to occur between any 
two agents (workers), spatial proximity is just one important factor among 
others (Boschma, 2005). In the further sections I explore the existing literature 
by posing the following questions: 
 
1. What are the urban design criteria 16  for the Knowledge-Based 
Urban Development (KBUD) that can potentially enhance intra-
cluster knowledge interactions?  
 
3.3.1 Determinants of knowledge interactions (KIs) 
Industrial clustering exists at three spatial scales, in the order of what Marshall 
(1920) emphasised as agglomeration economies, they are at the regional, 
metropolitan and neighbourhood levels. 17  Geographic agglomeration of 
economic activity is strengthened as the three types of transportation costs, such 
                                                          
16 In my thesis urban design criteria refer to more specifically the land-use design criteria 
which determine the spatial allocation of activities. 
17An example of regional agglomeration would be the ‘Blue Banana’ in Western Europe. 
The financial centres in the city of London and advertising industry at ‘Madison Avenue’ in 




as the cost of moving goods, people and ideas, decrease. Previous studies have 
looked into the positive effects of spatial proximity in enhancing the processes 
of interactive intra-cluster learning.  
 
Spatial proximity facilitates trustful relations, easy observation and immediate 
comparison, all of which are facilitated through face-to-face interactions 
(Malmberg & Maskell, 2006). The Knowledge-Based Urban Development 
(KBUD) can be seen as a deliberate attempt by industrial planners to localise 
learning by artificially reducing the cost/barrier of transferring ideas and 
information. Knowledge interactions (KIs) are primarily concerned with the 
face-to-face communication between members of the so-called ‘innovation 
milieu’ represented by the knowledge-based workers from the State, Academia 
and the Industry.  The importance of these knowledge interactions for 
innovation has been well documented in the innovative milieux and knowledge 
spillover literature (Bottazzi & Peri, 2003; Breschi & Lissoni, 2001b; Camagni, 
1991; M. P. Feldman, 1999).   
 
Broadly speaking, any actor18 involved in the process of interactive learning can 
be divided into three types with respect to the affiliated knowledge bases such 
as analytical, synthetic and symbolic. Workers deriving the expertise from the 
analytical knowledge base are involved in pure scientific discovery, or in other 
words these are workers who explore the ‘natural world’ (B. Asheim et al., 
2007; Moodysson, Coenen, & Asheim, 2008). Employees belonging to the 
                                                          
18 The word ‘actor’ in this context is used to refer to knowledge workers who participate 
in knowledge-based clusters 
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analytical knowledge base rely on highly codified knowledge inputs and outputs 
(e.g. reports, patents, journal articles etc) to conduct their work thus are formally 
organised in specialised R&D departments (Tödtling, Lehner, & Trippl, 2006). 
 
Knowledge workers deriving their expertise from a synthetic base are involved 
in the design or construction of a product to attain a specific functional goal 
(Moodysson et al., 2008). Synthetic knowledge operates in the traditional 
industries (machinery and engineering) where problem solving usually occurs 
through application or combination of existing knowledge. Here learning by 
doing, i.e. tacit knowledge is the main channel of knowledge transfer leading to 
innovation (Tödtling et al., 2006). 
 
Actors belonging to the above two categories engage in what is called 
‘knowledge interactions’, as compared to ‘information interactions’ that occur 
between workers who derive their expertise from the symbolic knowledge.19 
Information interactions are similar to knowledge interactions, but are confined 
to interactions that occur between workers from industries that derive their 
expertise from a ‘symbolic knowledge base’. Figure 3.2 shows the 





                                                          
19 See Asheim and Gertler (2005) for a detailed discussion. 
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Figure 3.2 Representation of interactive learning in the Knowledge-Based 
Urban Development (KBUD) according to the knowledge bases 
 
Source: Adapted from the classification given by Asheim and Gertler (2005) 
 
Examples of professions that belong to the symbolic knowledge base would be 
architecture, arts and crafts, television and radio, advertising, publishing, 
performance arts, gaming, design, fashion, film and music industries, and so on. 
These creative industries, in particular, tend to rely on skills attained through 
‘learning by doing’ both in formal and informal settings. This is due to their 
unique nature of work, where projects require constant interaction based on 
formal and informal communication as projects are developed ‘along the way’ 
(B. Asheim et al., 2007). Thus, according to our previous discussion, the 
simplest way to enhance interaction levels through urban design in a 
knowledge-based development would be to zone all actors on the lines of the 
knowledge base to which each belongs. This type of Knowledge-Based Urban 
Development (KBUD) design would supposedly divide the entire site into 




An example of this type of Knowledge-Based Urban Development (KBUD) 
would be Singapore’s ‘One north’ consisting of knowledge-specific zones for a 
biomedical (Biopolis) hub, an engineering sciences complex (Fusionopolis) and 
a media and arts district (Mediapolis).  
 
Figure 3.3 A hypothetical example of the Knowledge-Based Urban 
Development (KBUD) land-use design using knowledge bases as the only 
design criteria 
 
Source: Author, 2013 
 
However, the notion that geographic proximity is one of the most important 
criteria that fosters interactive learning between workers has been debunked by 
many authors recently (B. Asheim et al., 2007; Boschma, 2005; Shaw & Gilly, 
2000). As we will see in the following sections, co-locating20 a diverse set of 
actors on a local or regional level may be a necessary but not a sufficient 
condition to spur ‘knowledge interactions’.   
 
 
                                                          




3.3.2 Knowledge interactions (KIs) and proximity dynamics 
Location and geographic proximity are indispensible factors for the diffusion, 
transmission, and consequently innovation process (Vas, 2009). On a closer 
examination of the notion of proximity, many authors have conceptualised 
‘proximity’ to be multidimensional in nature – where agents involved in the 
process of innovation are related on more than one dimension for learning 
(knowledge interaction) to take place. There are other dimensions of proximity 
(also known as relational/organised proximity) are institutional, cognitive, 
social, organisational, cultural, technological and geographical (Boschma, 
2005; Capello & Faggian, 2005; Knoben & Oerlemans, 2006; Shaw & Gilly, 
2000; Torre & Rallet, 2005). This stream of literature argues that geographical 
proximity alone is not sufficient, but it is a confluence of many proximity factors 
that determine the ‘probability’ of knowledge interactions between any two 
agents or workers. We will first briefly discuss each proximity factor that agents 
require to initiate and sustain knowledge interactions.  
 
Knowledge is often dispersed, with actors belonging to different 
organisations; and all actors in the knowledge economy are economic agents 
subjected to bounded rationality.21 Cognitive base can be thought of as any 
group belonging to a particular field of science or economic sector, for example, 
the biomedical sciences and its corresponding economic sector, the biomedical-
related technology firms. The transfer of knowledge from one agent to another 
often requires interacting agents to possess “an absorptive capacity to interpret 
                                                          
21 In decision making process, bounded rationality means there are cognitive limits for 
individuals to make choices in a finite amount of time. This limitation necessitates us to engage 
in interactions with each other as a means to obtain new information. 
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and exploit new knowledge” (W. M. Cohen & Levinthal, 1990). Cognitive 
differences between actors can constraint each other’s absorptive capacity 
(Herbert A Simon, 1955). In simple terms, knowledge workers belonging to 
similar fields of science of economic sectors learn easily from each other owing 
to their expertise in a common domain. 
 
However, presence of high cognitive proximity might deter learning and 
innovation (Boschma, 2005; Pouder & St. John, 1996). From the literature, we 
know that proximity between actors belonging to similar cognitive bases might 
not be favourable for the process of innovation on account of three reasons. 
First, the knowledge building process requires “dissimilar and complementary 
bodies of knowledge” (Boschma, 2005) to trigger new ideas and creativity. 
Secondly, too much cognitive proximity can lead to what is known as cognitive 
lock-in; that is, routines within similar work-related networks can restrict new 
technologies or market opportunities, leading to what is known as the 
‘competency trap’ (Levitt & March, 1988). Thirdly, there is an argument that 
too much cognitive proximity causes an increased risk of involuntary 
knowledge spillovers, causing competitors to become unwilling to share 
knowledge. Cantwell and Santangelo (2003) claim that it is for this reason that 
competing firms belonging to similar scientific fields/economic sectors often 
hesitate to co-locate their research activities in order to reduce unintended 
spillovers. 
 
Organisational practices are important for interactive learning (Boschma, 
2005). Actors within similar organisations (small firms/large firms/academic 
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departments/polytechnics, etc.) share a reference and knowledge space bounded 
by either an economic or a financial dependency. This type of proximity can be 
divided into intra-organisational proximity, which refers to internal 
management hierarchy (vertical vs. horizontal) in any type of organisation, and 
inter-organisational proximity, which refers to the distance between two 
workers belonging to a similar organisation. Similar organisational 
arrangements act like vehicles that enable the exchange of knowledge and 
information between related agents (Cooke et al., 1998).  The ease of 
cooperation between engineers and researchers belonging to the same firm 
might be a good example of intra-organisational proximity (Vas, 2009). 
 
Organisational proximity22 between actors is also important for learning and 
subsequently for innovation, as it expresses strong control over new knowledge 
creation and ownership rights that reward own efforts in new technology. 
Similarly, excess proximity or too little proximity between actors belonging to 
similar organisations can act as a deterrent for learning and innovation. When 
there is too much inter-organisational proximity, actors are exposed to the risk 
of being accustomed to established relations. As innovation often requires 
workers going out of their existing networks,  high organisational proximity is 
thought to act as a potential barrier (Boschma, 2005).  
 
Similarly, too little inter-organisational proximity raises concerns of 
opportunism owing to lack of control over intellectual property and decreasing 
                                                          
22 Note: The organisational proximity refers to both inter-organisation and intra-                    
organisational proximity between agents. 
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networking capabilities between agents belonging to similar organisations. 
Figure 3.4 shows a hypothetical design of a Knowledge-Based Urban 
Development (KBUD) divided on the lines of the organisational type of the 
participants. The closest examples of this type of urban design would be Cooroy 
Lower Mill Knowledge-Based Urban Development (KBUD) in Queensland, 
Australia, La Technopole de l’Aube KBUD in France and Multimedia Super 
Corridor KBUD in Malaysia  (Sarimin & Yigitcanlar, 2011). 
 
Institutional proximity represents the proximity associated at a macro-level of 
any organisational unit.  For example, public research institutes (PRIs) versus 
private institutions, which share similar values and norms (North, 1990). They 
represent the comfort level within institutions that are characterised by ‘a set of 
common habits, routines, established practices, rule or laws that regulate 
relationships between individuals and groups’ (Edquist & Johnson, 1997). 
 
 
Figure 3.4 A hypothetical example of the Knowledge-Based Urban 
Development (KBUD) land-use design using the type of organisation as the 
only design criteria 
 




A common language and culture, a shared set of habits, a common legal 
system which provides adequate legal protection is said to be a good incentive 
for economic coordination and interactive learning. As much as institutional 
proximity can be an enabler of interactive learning between workers, too much 
of it can constrain knowledge interactions (Boschma, 2005). 
 
This comes from the notion that institutional environments act as 
complementarities, represented as a complex web between various departments, 
paving the way for an institutional lock-in, resisting immediate changes 
(Hannan & Freeman, 1977).  This inward-looking behaviour can hinder the 
development of innovations and cause institutional rigidity, leaving no room for 
experimentation of new ideas. Knowledge-Based Urban Developments 
(KBUDs) that are planned strictly on institutional zoning lines reduce mean 
integration of their constituent actors belonging to different institutions.  
 
Figure 3.5 A hypothetical example of the Knowledge-Based Urban 
Development (KBUD) land-use design using the type of institution as the 
only design criteria 
 




Finally, geographical or spatial proximity, defined as the physical distance 
between economic actors, is the most important factor that along with other 
proximity factors could inform an interactive land-use design for KBUDs. 
Many studies claim that short distances would favour information exchange 
through planned or unplanned contacts through face-to-face interactions 
(Audretsch & Feldman, 1996a; Jaffe, Trajtenberg, & Henderson, 1993; Van 
Oort, 2002). Both temporary and permanent geographical clustering are found 
to be beneficial: ‘short distances literally bring people together, favour 
information contacts and facilitate the exchange of tacit knowledge. The larger 
the distance between agents, the less the intensity of these positive externalities, 
and the more difficult it becomes to transfer tacit knowledge’ (Boschma, 2005).  
 
As Markusen (1999) points out, the concept of proximity is still ‘fuzzy’ till 
date. In many instances, firms that do not share close geographical proximity 
can often have good relations owing to social and institutional characteristics 
such as sharing common skills, language and experiences. Theoretically, 
geographic proximity might be leveraged by planners in Knowledge-Based 
Urban Developments (KBUDs) to facilitate proximity between actors with two 
or more shared characteristics. 
 
3.3.2 Knowledge interaction design criteria (KIDC) 
This section draws on the literature review to formulate a simple land-use 
design criterion to inform planners for developing knowledge-intensive spaces. 
The knowledge interaction design criteria (KIDC) is not by any means the best 
land-use design criteria to distribute actors in Knowledge-Based Urban 
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Development (KBUD); however, to my knowledge, it could very well be the 
first documented attempt to facilitate useful interactions for Knowledge-Based 
Urban Developments (KBUDs) by leveraging urban design. 
 
As elaborated in Section 4.4, the agents in the planned knowledge-based 
systems are likely to be related via one or more proximity factors such as a 
common knowledge base or have similar levels of institutional, organisational 
and cognitive proximity. An urban land-use design that creates a geographical 
proximity between ‘related’ 23  agents can help initiate/sustain face-to-face 
interaction. As a corollary, increasing the distance between ‘related’ knowledge 
workers, by implementing sprawling land-use designs, can disassociate related 
activities in space and thereby reduce the intensity of positive externalities. 
 
Let us assume a finite system represented by a two-dimensional continuous 
space grid ‘𝑆’. Agents 𝑥1, 𝑥2. . 𝑥𝑛 ∈ X represent the number of actors that are 
planned in the knowledge-based development. Each agent belongs to a specific 
type of actor (see Table 3.2), for example, a technology firm or research 
institution. Similarly, every agent (𝑥𝑖 ) can be classified into the constituent 
properties, that is, where 𝐾𝑏 holds information on the type of knowledge base, 
𝐼𝑏 represents the institutional base, 𝑂𝑏 refers to the organisational base and 𝐶𝑏 
represents its cognitive base, 
      
                                        𝑥𝑖  = 𝐴𝑔𝑒𝑛𝑡  {𝐾𝑏,𝐼𝑏,𝑂𝑏,𝐶𝑏}                                                 (3.1) 
                                                          
23 The word ‘related’ is used to refer to the relational proximity of any two agents. In a 
KBUD, agents can be defined to be related if they share the knowledge base and/or 
institutional base and/or organisational and/or a cognitive base. 
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Each agent that enters the system is to be embedded with the above 
composite parameter for identification purposes. This assumption of full 
information is not new and is easily obtained from planning documents. For 
example, and hypothetically speaking, if a knowledge-based development is 
being planned for 500 biomedical private firms, we could immediately classify 
them as 500 agents who have the following characteristics: analytical 
(knowledge base), biomedical sciences (cognitive field), high-technology firms 
(organisational) and private affiliation (institutional). As agents enter the 
system, 𝑆, they are allocated a discrete location given by random coordinates 
(𝑥, 𝑦). In order to place the agents in a space so as to maximise knowledge 
interactions, the geographic proximity between agents can be represented as an 
inverse function of their proximity factors given as, that is, the more proximity 
factors any two agents (i,j) shared in the same system, the less the distance 
between them in space.  
 
                                                  𝑥(𝐴𝑔𝑒𝑛𝑡𝑖𝑗) ∝
1
𝐷𝑖𝑗
                                              (3.2) 
 
where 𝑥  represents a normalised value attached to each proximity factor. 
Equation (2) simply states that as the proximity factors shared between the two 
agents (𝑖 & 𝑗) become high, that is, as 𝑥1 then the distance (spatial) between 
agents belonging to the same institution type approaches zero, that is, 𝐷𝑖𝑗0. 
However and in order to prevent the ‘lock-in’ phenomenon as discussed 




The land-use design criteria should be able to strike a balance in determining 
the geographical distance between agents sharing similar characteristics. The 
ability of an urban design to induce greater levels of knowledge interaction (KI) 
between the participating agents in the knowledge base development would thus 
follow a nonlinear curve as shown in Figure 3.6.  
 
According to our previous discussion on interactive learning and proximity 
dynamics, the interaction level of an urban design with respect to each proximity 
factor increases till a threshold, after which it will decrease steadily. The zero 
on the x-axis in Figure 3.6 exhibits a design scenario that offers a minimum 
level of interaction owing to the low levels of proximity between the actors in 
an urban design. 
 
Figure 3.6 Theoretical land-use design criteria for a knowledge-
interactive environment                                          
                                                                    ∂ 
 




The ‘one’ corresponds to a maximum level of proximity showing similar 
low levels of interaction. An optimal design approach would be to mix the 
planned participants of the Knowledge-Based Urban Development (KBUD) 
that would produce a satisfactory mix of all the proximity factors represented 
by the shaded region  𝜕  in Figure 3.6.  
 
The urban design outcome would depend on the planner’s decision to see 
on which basis he wants to mix the land uses; for example, if one aims for 
complete institutional proximity only, that is, 𝐼(𝑥 → 1) between agents in the 
design, then the Knowledge-Based Urban Development (KBUD) would let 
agents of the same institutions to co-locate.24 In order to maximise knowledge 
interactions (KIs), our objective would be to create an urban design that 
positions the most related actors (i.e. actors related on more than one proximity 
dimension) close to each other. Summarising and to obtain an optimal land-use 
design, the spatial position of all agents in the system must be governed by a 
minimisation function that reduces the mean linear distance between any two 
agents, who are related by one or more levels of proximity. This way, agents 
who are more closely related are placed together as opposed to agents who do 






                                                          
24 See Figure 6. 
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4. RESEARCH METHODOLOGY AND DATA 
Chapter outline 
In this chapter the generic dynamic planning simulation model (KBUD-LUDM) 
which attempts to mimic the real estate development process of knowledge 
based urban developments (KBUD) using different planning methods is 
introduced.  
This chapter discusses the research methodology used to develop the land-use 
design model for the Knowledge-Based Urban Development (KBUD) using the 
case study of ‘One north’ in Singapore. Agent-based modelling (ABM) is the 
primary methodology used to address our research objectives. Agent-based 
modelling (ABM) is an integral part of multi-agent modelling discipline where 
the collective behaviour of agents, obeying a set of simple rules, exhibit an 
emergence pattern and provides sufficient explanatory power for a defined 
problem. The chapter comprises of an introduction to agent based modeling 
(Section 4.1) followed by a summary of KBUD-LUD agent based model 
components (Section 4.2) and finally a thorough definition of the model metrics 
(Section 4.3) that would help evaluate the model results in the next chapter 
(Chapter 5: Results and interpretation). 
4.1. An overview of agent based modelling (ABM) approach 
Before delving into the specific KBUD-LUD model proposed in my thesis, it is 
useful to have an understanding of the basic principles of Agent Based 
Modeling (ABM). Agent based models are simulation driven models that aims 
to explain a human process, be it a social or economic process. R. Axtell and 
97 
 
Florida (2001) demonstrated how local centers (urban centers) can naturally 
arise through a range of conditions that follow zipf’s law i.e. a Pareto-
distribution with exponent one. Page (2007) shows an example of how to 
construct a model the process of creativity in social settings. Similarly Spencer 
(2012) proposed an agent based model depicting the social dynamics of creative 
clusters with an evolutionary economic geography perspective. He used simple 
stylized facts developed from the literature to establish agent behaviours with 
in line with four types of actions namely social interaction, learning, creativity 
and migration. The concept of a multi-actor agent based urban model that 
concerns with the spatial planning process was first proposed by (Ligtenberg, 
Bregt, & Van Lammeren, 2001). 
While these studies try to explain the social and spatial aspects we observe in 
cluster developments, it looks at natural clusters as opposed to planned 
developments such as the KBUD. From a planner’s perspective, KBUD 
challenges raised earlier regarding path dependency and economic uncertainty 
are aspects which needs to be looked at to see how cluster dynamics evolve over 
time. The modelling approach can provide urban planning research what most 
traditional models cannot, these are some of the advantages of ABM’s: 
The general approach to the model developed in the next section which 
incorporates this component to examine the trade-off in the development of 
knowledge based clusters under different types of interventions (planning 





4.1.1. Agent-Based Modelling 
Although the history of agent-based modelling (ABM) can be traced back to the 
von Neumann machine, a theoretical machine capable of being reproduced and 
using detailed instructions to copy itself was a computational breakthrough, 
which was achieved by the famous Craig Reynolds. He tried to model the reality 
of lively biological agents, known as artificial life. We can define the agent-
based model “as a computational model for simulating the actions and 
interactions of a set of individual (agents) in a network to asset their effects in 
a global system behavior” (Torres, 2006). The main three ideas central to the 
agent-based models denote the agents as the objects that exhibit emergence and 
handling complexity. 
The agent-based modelling (ABM) process begins by defining what/who an 
agent is and the necessary set of actions and reactions (with other agents and the 
environment). The Multi-Agent System (MAS) architecture enables 
simultaneous operations of agents in an attempt to predict the actions of a 
complex phenomenon. Each agent is defined by a set of rules on how to behave 
in the system with respect to other agents and their environment. Thus, they are 
presumed to be acting in what they perceive as in their own interest. Some 
examples are the agents’ goal-oriented behaviour of reproduction, of 
maximising economic benefit or social benefit (R. L. Axtell et al., 2002). In the 
case, for the Knowledge-Based Urban Development (KBUD), this goal would 
be the agents achieving maximum ‘knowledge interaction’ (KI) with other 
relevant agents within the cluster (see Section 3.3.2). Agents specified in the 
system can be described as an individual entity (object), having the following 
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characteristics (Tzima, Athanasiadis, & Mitkas, 2006; Wooldridge & Jennings, 
1995): 
 Autonomous – it operates without the direct intervention of others and 
has some kind of control over its actions and internal state;  
 Social – it interacts with other agents using an agent-communication 
language;  
 Reactive – it perceives its environment and responds to changes that 
occur in it;  
 Proactive – it is able to exhibit goal-directed behaviour.  
Once the model starts, the agent’s individual decision function is executed 
where the agents interact with each other to satisfy their goals at the micro-level, 
exhibiting an emergent behaviour at the macro-level. The resulting solution of 
the agent-based models could be some sort of an emergence, or an equilibrium 
or even an unintelligible chaos (looping) – most of which depends on the rules 
and assumptions given by the modeller when defining the agents and the 
environment (Torres, 2006). This generative behaviour contributes to modelling 
complex problems and it is one of the potential benefits of the agent-based 
model approach.  
The environment: All agents are placed in a networked environment, 
consisting of lattice-like neighbourhoods with idiosyncratic X and Y 
coordinates. The location of agents and their predetermined behaviour are often 
coded using a simple programming language (e.g. C++, Java etc).  
100 
 
Agent-based modelling (ABM) is a Multi-Agent System (MAS) model 
currently applied to model various social and economic problems.  Some well-
known applications of the agent-based model approach are found in, but are not 
limited to, the field of organisational behaviour (Hughes, Clegg, Robinson, & 
Crowder, 2012), in supply chain optimisation (Fox, Barbuceanu, & Teigen, 
2000), in consumer behaviour (Said, Bouron, and Drogoul (2002), in portfolio 
management (Niu, McCalla, & Vassileva, 2003), in pedestrian flow (Batty, 
2003), in disease outbreak and social interaction studies (Epstein, 2006; Eubank 
et al., 2004) and in traffic congestion and management (Cetin, Burri, & Nagel, 
2003; Chen & Zhan, 2006; Dresner & Stone, 2004).  
4.1.2. Agent-Based Planning Models 
Urban planning models, otherwise known in the academic literature as 
Decision Support Systems (DSSs), can be defined as urban simulation systems 
or as those ‘instruments consisting of theories, methods, tools and so on for the 
support of unique professional planning tasks’ (Geertman & Stillwell, 2004). 
Planning support systems are often a unique type of model that assists planners, 
private real estate developers and other stakeholders to evaluate solutions for 
ill-defined or semi-structured spatial planning tasks (Ligtenberg, Beulens, 
Kettenis, Bregt, & Wachowicz, 2009). Implementation of such models can be 
through multiple platforms; for example, they can be stand-alone decision 
support systems (Carsjens, van Lammeren, & Ligtenberg, 2003), a simulation 
system (Hilferink & Rietveld, 1999) or they can even be in the form of a game 
(Duijn, Immers, Waaldijk, & Stoelhorst, 2003). Most urban planning models 
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adopt some sort of extension that provides certain visualisation functions (at 
least two-dimensional). 
Urban planning modelling research that adopt the Multi-Agent Systems 
(MASs) are useful in the development of what are known as Decision Support 
Systems (DSS), which include some combination of human action-taking and 
human decision-making as the driving causes for spatial changes and dynamics 
(Batty, 2005; P. Deadman & Gimblett, 1994; P. J. Deadman, 1999; White & 
Engelen, 2000) and spatial design (Moulin, Chaker, & Gancet, 2004). However,  
  
 Previous planning models using Multi-Agent Systems (MASs) focus on 
land-use changes and their dynamics. 
 Planning in cities is a complex task, where the number of actors, land 
uses and, consequently, their interdependence is multi-fold.  
 So far to my knowledge, land-use design models that adopt agent-based 
modelling (ABM) is scant, if any, in Multi-Agent System (MAS) 
literature. 
In my thesis, I wish to fulfil this gap in the literature by demonstrating the 
applicability and usefulness of Multi-Agent Systems (MASs) for developing 
land-use design models of large-scale, mixed-use post-industrial spaces. Before 
that, it is important to take a look at the evolution of land-use design models in 





4.1.3. Land-Use Design Planning Decision Support Systems (LUDP-DSSs) 
According to Schlager (1965), a Land-Use Design Model (LUDM) is a 
‘conscious synthesis of urban form to meet human needs’. The urban land-use 
design process is generally aimed at finding different ways to organise activities 
within a demarcated space to meet the goals and demands of the community it 
services. When space is constrained, spatial planning needs to fulfil the needs 
of multiple actors with disparate needs, while keeping the goal(s) of the design 
intact. In designing the Knowledge-Based Urban Development (KBUD), this 
need, as discussed previously, would be to maximise the interaction between 
agents through minimising the space between related actors, who, if and when 
locate together, may conduct useful interactions owing to their common 
characteristics on a more frequent basis.  
Formal planning models addressing such land-use design problems in the 
literature are rare, as most designers believe that the design process should be 
conducted intuitively. It is for this reason that the land-use design process is 
criticised as a process conducted in a ‘black box’ manner (Lang, 1994). 
However, there exists a small stream of literature addressing similar problems 
using land-use design optimisation models. These models have predominantly 
used linear programming techniques to generate optimal urban designs for a set 
of design goals under certain capacity constraints.  Some  examples include 
those by Schlager (1965), Barber (1976), Arad and Berechman (1978), 
Williams, ReVelle, and Levin (2004), Makowski, Hendrix, van Ittersum, and 
Rossing (2000), Janssen et al. (2008), Diamond and Wright (1988), Correia and 
Madden (1985), Davis and Grant (1987). Land-use design goals used in the 
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literature have been of the social, economic and environmental dimensions, 
depending on the research problem that each author tries to address.  
As such, the agent-based modelling (ABM) literature that specifically 
covers land-use design problems per se is scarce. I believe this is probably due 
to the uniqueness of the research problem that my thesis addresses. ‘Knowledge 
interaction’ (KI) as the design goal criteria has not been proposed in the previous 
literature on the Knowledge-Based Urban Developments (KBUDs). Also, from 
my interviews with planners, I find that the land-use design of industrial spaces 
is viewed as more of a practical issue with less of a social or economic 
implication on cities. As previously stated in the Introduction chapter, I argue 
that current land-use design practices could have a significant impact on the 
location and thereafter on the interaction between actors in a knowledge-based 
environment in the future. 
Although the research problem was conceptualised from studying a specific 
Knowledge-Based Urban Development (KBUD) – ‘One north’ in Singapore, I 
believe that future such developments could be confronted with similar issues. 
My research problem is semi-structured, as research problems were identified 
from several interviews with planners who advice using their experience with 
the planning and designing of ‘One north’ in Singapore and other KBUD’s. The 
research topic will be of significance as long as the Knowledge-Based Urban 
Developments (KBUDs) continue to be built for cities in the future. Some 
authors have shared this optimism by suggesting that these Knowledge-Based 
Urban Development (KBUD) spaces represent the ‘mines and foundries of the 
information age’ (Castells & Hall, 2009).  
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4.2. Model summary 
The knowledge based urban development land use design agent based 
model (KBUD-LUDM-ABM) presented in my thesis aims to simulate the 
dynamics of planned knowledge based clusters across time and space to 
understand impact of different planning methods (Chapter 3, Section 4.1) on 
land use development process to study its impact on path dependency and 
uncertainty in a typical knowledge based urban development. The KBUD-
LUDM is designed to mainly comprise four major components namely the land 
supply, space demand (incoming actors), agent’s objective decision rules (agent 
entry, location and exit decisions) and knowledge interactions in the cluster and 
resulting mixed use outcomes depicting the land use distribution i.e. path 
dependency as measured by the Knowledge Interactive Design Criteria (KIDC) 
which is illustrated in Chapter 3: Literature review. 
The objective of the model is to simulate the economic/social process of the 
land development process in a typical knowledge based urban development 
(KBUD) to broadly investigate alternative scenarios that looks into the tradeoffs 
between the two planning methods (Chapter 2) on cluster level developments 
such as path dependency, population and vacancy rates.  
4.2.1. Environment 
The role of the environment is crucial in shaping the agent-based behaviour 
in the multi-agent simulation models. Complex environments bring about 
diversity in agent behaviour, making models rich in content by bringing them 
closer to reality (Herbert Alexander Simon, 1996). In the Knowledge-Based 
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Urban Development-Land Use Design Model (KBUD-LUDM), one can allow 
the land-use map (environment) to be fed using an image (.jpg), GIS (.shp) or, 
as in our case study, an AutoCad (.DXF) file with clearly drawn-to-scale land 
parcel and route delineations. Each land parcel is overlaid with a standard closed 
‘Polyline’ using the presentation feature in the Anylogic® platform. This 
‘Polyline’ defines each land parcel, with three inbuilt properties, namely, total 
buildable space – 𝐿𝑠𝑝𝑎𝑐𝑒 (sq meter), Occupation status (OS= binary i.e. in 
use/new), Plot ratio -𝑃𝑅𝑐𝑎𝑝𝑙𝑖 and for each land parcel (𝑙𝑖).  
 
For the case of our ‘One north’ case study, nearly 141 closed Polylines were 
drawn up over the land-use map to represent all the land parcels that were 
available for development at the beginning of the development project.25 This 
step is advantageous as compared to the cellular automata approach proposed 
by in two ways; first, the association of agents to spatial boundaries is specific 
and is directly exportable into planning documents. Second, the environment 
(i.e. land parcels) can be treated in a heterogeneous manner, this is very useful 
for the following reasons, 1) It allows supra land-use restrictions to be applied 
over sub-regions; and 2) It allows mixed-use zoning guidelines (vertical and 
horizontal) that can be more specific to land parcels. 
 
Figure 6.5 in Appendix III gives a complete representation of One north’s 
replicated agent-based environment. The network type option is set to be 
distance-based, with the width and height of the canvas being 2,200 and 3,300, 
                                                          
25 Although some land parcels were unavailable at the beginning of the development, 
plans were drawn to reclaim through the course of the project over 30 years. (JTC, 2003). 
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units respectively. The model advances in time-cycles with fixed-seed 
simulation reproducibility (seed value = 5) for model consistency. As 
mentioned previously, each land parcel is defined to contain four properties 
( 𝑠𝑝𝑎𝑐𝑒, 𝑜𝑐𝑐𝑢𝑝𝑎𝑡𝑖𝑜𝑛 𝑠𝑡𝑎𝑡𝑢𝑠, 𝑃𝑅𝑐𝑎𝑝 𝑎𝑛𝑑 𝑧𝑜𝑛𝑎𝑙_𝑑𝑖𝑣𝑖𝑠𝑜𝑛𝑠 ) associated as 
shown on the right-hand side in Figure 6.5  
 4.2.2. Agents 
The different types of primary agents in knowledge based clusters has been 
explained in Table 3.2, are grouped together as ‘firms’ for simplicity. As 
previously noted, in knowledge based clusters, there a variety of agents such as 
technology firms, university departments, service firms etc. The heterogeneity  
of participants are expressed in their agents characteristics in the cluster which 
can be divided into four variables 1) firm size (no. of employees) 1) firm’s 
knowledge base 2) firm’s cognitive base 3) firm’s location (parcel ID) 4) firm’s 
economic endowment.  
The goal of agents in the model is to locate inside the cluster, record their 
gains from interaction with related actors, sustain their presence and if their 
endowment<0 then exit. In order to achieve this goal they perform four types of 
action 1) In-migration (entry) 2) location decision 3) learning/cluster 
interactions 4) Out-migration (exit). These actions are performed under 
differing assumptions of planning methods and subsequently changing market 
conditions and space supply constraints. Theoretically each agent is identified 
into belonging to one of each silos shown in Figure 4.1 (‘knowledge, 
institutional, organisational and cognitive bases’). For practical purposes the 
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last feature is removed to simplify the model. Every agent is also a complex 
entity that comprises of a variety of actors with explicit vertical integration. 
The agents in the simulation of the Agent-Based Model-Land Use Design 
Model (ABM-LUDM) have a unique set of characteristics that provides the 
heterogeneity required to represent all types of actors of a Knowledge-Based 
Urban Development (KBUD).  
 












Source: Author, 2013 
 
As shown in Figure 4.1 above, agents carry a subset of information about 
their characteristics, namely, their type of ‘Knowledge Bases’ ( 𝐾𝑏 ), 
‘Institutional Bases’  (𝐼𝑏),  ‘Organisational Bases’ (Ob). Zoning Divisions 











that record the number and types of agents (𝐾𝑏, 𝐼𝑏, 𝑂𝑏) after the simulation is 
completed. 
4.2.3. Agent migration (entry) 
A set of highly characterized agents (firm) enters the system at equal 
intervals (say monthly) searching for work space. The amount of space required 
will depend on their employee count which would be assigned randomly using 
a uniform distribution µ (1,100).  This random assignment mimics the 
unpredictability of market demand for high tech space as evidenced through my 
interviews with planners in Singapore. In an extension of the model, this 
assumption could be relaxed by using a positively or negatively skewed 
distribution to represent different types of market compositions (big vs small 
firms). 
If there is available space in the canvas, the entering agents occupy in the 
same period as they enter (elastic supply). If there is no built space available 
they wait for about five periods (i.e. time cycles) after which they exit the 
cluster. This is simply to reflect the opportunity cost of waiting firms, if the 
cluster is inelastic this would thwart incoming agents from relocating into the 
cluster to conduct research and development activities. Each agent enters with 
a fixed endowment (𝑭𝝅) which they have to use to buy space for a fixed amount 
of time depending on current rental prices of space offered in the cluster. How 
long does a firm survive in a typical cluster? It is hard to judge the average life 
span of firms based in knowledge based clusters, as this would help us to 
ballpark on the average time span of a firm in the cluster.  
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While the average life span of a firm is ~15 years, it is reasonable to expect 
it to be less for firms involved in R&D activities due to forces of creative 
destruction (Thesmar & Thoenig, 2000). For firms entering the hypothetical 
cluster, I will assume an average of 10 year life-cycle firms uniformly spread 
i.e. 𝑭𝝅 = 𝑢𝑛𝑖𝑓𝑜𝑟𝑚 (1, 𝑛), where n is the upper limit of the endowment of all 
firms that would enable it to sustain paying rentals (base=100). Firms with low 
endowments thus need to make gains in their endowment to be able to sustain 
in the cluster. As we will see, this in turn depends on the interactive nature of 
the cluster as measured by the KIDC (Chapter 3: Literature review). For now 
we will turn to land supply and location choice decision (rules) of agents. 
4.2.4. Land Supply 
In addition to the human capital (skilled labor), capital (finance) and 
entrepreneurship, the success of new economic clusters also highly depends on 
the traditional factor of production i.e. land, facilitated by a supply elastic region 
with increasing land parcels for development. In typical planned knowledge 
based cluster, land parcels are released as and when required gradually in 
different phases to avoid oversupply driving down property prices in the short 
run. The speed at which he releases and time of development can be adjusted to 
observe its impact on property prices and hence land use distribution outcomes. 
Lessons from planners involved from my own case study – ‘One north’ suggest 
that building in phases in accordance with the masterplan mitigates some risk 
from uncertainty and maintains healthy occupation levels. In the model, two 
planning methods use two different ways of releasing land, most comprehensive 
approaches use a phased approach of releasing large chunks of space at 
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controlled intervals whereas incremental planning has a continuous release 
method using a case by case basis which is more responsive to market demand.  
 
There are two ways how adequate land supply can influence economic 
clusters such as KBUD’s, 1) Controlled periodic release of land can delay the 
accumulation of critical population in the future which has implications on 
cluster density which in turn regulates interaction levels (KIDC) in the cluster. 
2) An elastic land market could potentially more efficient allocation of new 
firms. As the average age might be higher due to an early entry, this could lead 
many agents with low endowments exiting the cluster leaving space for new 
entrants. In the latter case, there is a continuous reshuffling of firms as compared 
to periodic fluxes experienced in the master planning philosophy. 
 
4.2.5. Location choice 
The first goal of agents (firms) is to find a suitable spot in the cluster 
subjected to the firm’s idiosyncratic capital constraints. An agent locates itself 
in parcel ‘x’ if and only if the firm’s endowment is greater than land parcel’s 
rent, 
𝐴𝑔𝑒𝑛𝑡𝑭𝝅 𝑡 >=  (𝑙𝑎𝑏𝑜𝑟 𝑠𝑡𝑟𝑒𝑛𝑔𝑡ℎ(𝐹𝑙𝑠) ∗ 𝑚𝑖𝑛𝑖𝑚𝑢𝑚 𝑠𝑝𝑎𝑐𝑒 𝑝𝑒𝑟 𝑝𝑒𝑟𝑠𝑜𝑛(𝐹𝑚𝑠𝑟𝑝)
∗ 𝑅𝑝𝑡 
𝑅𝑝𝑡 𝑖𝑠 𝑡ℎ𝑒 Rent is the annualized rental price given by price per unit (square 
meter) determined by the market (external) and is homogenous for the entire 
cluster. The endowments are normally distributed among income agents, they 
are adjusted with the rents so that they could last for more than one cycle in the 
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cluster. Agents enter at three nodes equidistant as pre-specified in the One north 
environment (canvas) representing the three knowledge bases (Analytical, 
synthetic and symbolic) as mentioned in the literature review. The space 
available in each parcel is also imported using plot ratios which are derived from 
the existing data provided by JTC (2010).  
Thus any new agent belonging to analytical knowledge base would find 
space in that sub-cluster alone to maximize knowledge interactions. Any 
assumption about firm growth is ignored to simplify the model. However as we 
have an important measure to capture the level of knowledge interactions 
(KIDC) in the cluster based on locational information of agents at each time 
cycle, I included an income component that would help agents in favorable 
environments (i.e. high KIDC) to sustain longer by adding gains to their existing 
endowments (see knowledge interactions below). This assumption is consistent 
with evidence in the extant literature that finds that in spite of global spillovers, 
high technology firms based in knowledge based clusters gain significantly 
from intra-cluster knowledge spillovers and labor mobility (Baptista & Swann, 
1998; Breschi & Lissoni, 2001a; Giuliani, 2005; Iammarino & McCann, 2006; 








4.2.6. Real estate market dynamics 
The real estate market is a special ecosystem that does have an influence on 
the success/failure of knowledge based urban developments. The importance of 
location choice of firms in a cluster is determined by centripetal and centrifugal 
forces influenced by local real estate prices in these economic clusters. The 
likelihood and ability (i.e. capital constraints etc.) of new firms clustering with 
older firms are well known in the literature to be influenced by local real estate 
market conditions (S. S. Cohen & Fields, 2000; Leslie & Kargon, 1996). The 
building and estate management of specialized real estate such as a laboratory 
or innovative office layout differs vastly from office, retail and residential space 
markets in a city. Real estate developers with a specializing on industrial 
clustering development often focus on development and maintenance 
operations of industrial and technological parks. Since these are specialized 
spaces, they form a monopolistic eco-system due to the unique nature (niche) 
of space they provide. In such environments, local cluster demand and supply 
dynamics are important factors that contribute to location decisions of firms in 
industrial clusters.  
This could have a potential impact on number of new arrivals and 
subsequently on the affordability of current tenants. This in turn would 
contribute to influencing the tenant mixture in the cluster, for e.g. if prices 
remain high for sustained periods, large firms with big endowments (𝑭𝑩𝝅) could 
possibly crowd out existing tenants with small endowments (𝑭𝒔𝝅) over time. 
Some authors argue the need for fresh ideas through new, smaller firms into 
existing clusters (Prusa & Schmitz Jr, 1991) to challenge and compete with 
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larger established firms as they are nimbler to technological changes. The 
cluster level real estate dynamics is important factor for developers to sustain a 
mixed tenant mixture that increases social and economic value of the cluster. 
To capture such essential dynamics, the KBUD-LUDM developed thus 
encompasses a simple asset and space market with three main outcome variables 
namely current Rental prices (𝑅𝑝𝑡), land supply (% of total land supply) and 
overall vacancy rates (% of unused space) in the cluster. 
Rental prices (𝑅𝑝𝑡) are assumed to be constant throughout the cluster for 
simplicity, however a heterogeneous rental price associated with different 
building types would be interesting to explore in the future. Land supply is given 
in terms of percentage, while the total land parcels in the model is fixed as the 
template is imported from our case study. Each land unit has a fixed plot ratio 
(Table 7.2, in Appendix 1) which allows us to calculate total built up space in 
the cluster at any given time period. This along with total number of employees 
(inferred from size of firms 𝐹𝑠) and minimum space per person will give us the 
total occupied/vacancy in the cluster at a given point in time. 
The rental prices of space in the real estate market is a function of a myriad 
of macroeconomic variables (i.e. past rental prices, vacancy rates and random 
economic shocks), as the evolution of prices are not the focus of the model I 
take it as an exogenous variable. Rental prices are sticky (Shilling, Sirmans, & 
Corgel, 1987), due to this there is  autocorrelation from one period to another, 
using these two features , I randomly generate rental prices for the hypothetical 
cluster as follows, 
𝑅𝑝𝑡 = 𝛽 ∗  𝑅𝑝𝑡−1 + 𝜇𝑡 
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Where 𝛽 measures the level of serial correlation with the previous period26. 
Where 𝑅𝑝𝑡 is the rental price in the current period (𝑅𝑝0 = 100) which is a 
function of rental in the last period and an error term of shock in the current 
term 𝜇𝑡 . In the model above, 𝜇𝑡  has two components (𝜇𝑡 = 𝜇𝑟 + 𝜇𝑣), first a 
random ∓  shock ( 𝜇𝑟 ) generated using uniform distribution (±1 𝑆. 𝐷)  that 
determines future path of rentals. Second, following the four quadrant model of 
real estate prices (DiPasquale & Wheaton, 1992), excess real estate supply or 
increasing vacancy is allowed to have a positive/negative impact on the 
progression of future rental prices in the cluster. For this reason, in the model I 
include a positive/negative shock to the equation (𝜇𝑣), i.e. when cluster vacancy 
is decreasing/increasing rental prices are upwardly/downwardly corrected 
(Table 4.1).  
A simple non-linear relationship is specified between vacancy and the 
magnitude of the arbitrary shocks for the property market to exhibit mean 
reversion in the long run. The following table is used to determine the 
magnitude of the positive/negative shock to rental prices. The constants are 
given to equal to one percent correction of the initial period (t=0). These are 
modest initial parameters for corrections however these would be adjusted 
during simulation runs. This setup keeps the rental prices in equilibrium by 
mean reverting on the long run, a classic empirical tenet of the real estate 
efficiency literature (Capozza, Hendershott, Mack, & Mayer, 2002; Clayton, 
1998). 
                                                          




Table 4.1 Relationship between vacancy and rental prices in the KBUD-
LUDM model. 
Constant (𝝁𝒕) 𝑽𝒂𝒄𝒄𝒂𝒏𝒄𝒚𝒕 (%) 
- 1% >50 
+ 1% <50 
 
To better understand the simple real estate market component of the model and 
how it fits into the broader KBUD-LUD agent based model, a system diagram 
including the space and asset markets is drawn below. 








A simple example plot of the generated real estate price dynamics is given 
below, 
 









Figure 4.3 plot of rental prices in the cluster using randomly generated 
errors 
 
4.2.7. Knowledge interactions/intra-cluster interactions 
The importance of intra-cluster interaction contributing towards the creation 
of new knowledge and subsequently future economic benefits are generally 
acknowledged in the theoretical and empirical literature on economic clusters 
(Baptista & Swann, 1998; Giuliani, 2005; Malmberg & Power, 2005; Malmberg 
et al., 1996; Tödtling et al., 2006)) with some exceptions (Hervás-Oliver & 
Albors-Garrigós, 2007; Huber, 2012; Martin & Sunley, 2003).  
To account for this benefit firms gains from social interactions, in the 
KBUD-LUD model, I assume that once agents/firms are inside the cluster they 
benefit from positive externalities through knowledge interactions over time as 
evidenced by interaction design criteria (KIDC) introduced in Chapter 3: 
Literature review. KIDC measures the probability or likelihood of these 
interactions to occur given a set of agents spread in a closed environment. This 
will have a positive effect (positive feedback) on firm level endowment 
proportional to the interaction levels in the cluster giving entrenched agents to 
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economically sustain for the next period. If the KIDC constant is low then the 
economic benefits of being in the cluster are nil for that time cycle. 
At each time cycle thus, 𝐴𝑔𝑒𝑛𝑡𝑭𝝅 = 𝐴𝑔𝑒𝑛𝑡𝑭𝝅 + (𝐾𝐼𝐷𝐶 + 𝐴𝑔𝑒𝑛𝑡𝐾𝑠𝑡𝑜𝑐𝑘/
2) ∗ (𝐴𝑔𝑒𝑛𝑡𝑭𝝅), if say for example, if the KIDC of the cluster is 0.30
27 at a 
given time cycle, an agent with 500 units and 0.40 knowledge stock endowment 
would incur 175 units increase (500*0.35) which might/might28 not help offset 
the cost of its accommodation in the cluster. The rents on the other hand are 
external to the model and follows business cycles to reflect realistic market 
fluctuations and its impact on KBUD’s tenant mixture (see previous section on 
Real estate market dynamics).  
4.2.8. Agent migration (exit) 
The final step resident agents engage in at each time cycle is their decision 
to stay/exit the cluster. Agents in this last step can decide to ‘reside’ in their 
current location or exit the system altogether for each cycle of the model. In 
knowledge based cluster there exist two key factors that affect location 
probabilities, first are potential learning opportunities, existence of related 
actors (a common knowledge, cognitive or an economic base) gives greater 
learning opportunity (Granovetter, 1973; Ronald, 1992) or strong ties that 
provide a sense of community (Nelson,1989) compared to the agents previous 
                                                          
27 KIDC ranges from 0-1. 
 28 This depends of the values of many contemporaneous variables such as rents, 
employees in the firm (agent     which corresponds to the space occupied which determines 
the rent, endowment balance etc. 
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cycle. Secondly firms rely on their ability to afford space in clusters to sustain 
its presence.  
Thus it is the confluence of these two factors that let agents decide whether 
to stay or exit the cluster at each model cycle. There can be other reasons for 
agents to move, such as high human capital growth -high levels of human capital 
are known to be more mobile (Spencer, 2012), or low regional economic 
activity i.e. thick markets and diversity (Orlando & Verba, 2005).  




In the KBUD-LUD model, both these are factored in two steps. First, the 
probability of the agents staying depends on their idiosyncratic endowment 
levels at the end of each time cycle. These are in turn determined by KIDC 
which measures the interaction levels in the cluster at each time cycle is a good 
proxy for representing potential learning opportunities, ties of community and 
labor mobility i.e. thick markets and diversity.  
Agents with low endowments (𝐹𝜋<0) exit the cluster due to unaffordability 
and leave a vacant spot in the cluster for new entrants. This change is reflected 
in the macro level population and vacancy levels in the cluster. Figure 4.4 
above depicts the step-wise summary of the KBUD-LDU agent based model 
flow. At each time cycle, agents go through three steps namely 1) migration 
(entry/exit) 2) location choice 3) knowledge interactions. The simulations are 
run under two different planning systems (comprehensive vs incremental) given 
by their differing assumptions about the land development process. Agent’s 
actions are framed by specific criteria that establish the probabilities of certain 
actions over space and time leading to different outcomes (path dependency). 
4.3. Agent based model metrics  
Agent based modeling often represents a third way of doing social science 
research which involves the combination of induction as well as deduction. As 
pointed out by Spencer (2012), although deductive assumptions are built into 
the agent based model there always exists uncertainty due to the stochastic or 
probabilistic nature of models. Thus the results from these models are best if 
analyzed inductively where a key step is towards the construction of appropriate 
indicators capturing key variables of interest to the modeler. 
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One of the primary goals of the KBUD-LUD agent based model is to explain 
the knowledge based cluster regarding its evolution of ‘interaction levels’ or 
path dependency subjected different degrees of market uncertainties under two 
urban planning methods or regimes (comprehensive vs Incremental). Consistent 
results in agent based modeling are often obtained using multiple runs, these 
help us to validate that observed macro-level changes which are not driven by 
any extreme simulation results. In order to interpret the results from the KBUD-
LUD agent based model, it would be useful to first define the dependent and 
independent variables of the agent based model. 
4.3.1. Dependent variable: Path dependency and firm population (& 
composition), and vacancy 
The progress and success of knowledge based clusters can be succinctly 
captured using three variables namely firm population and composition which 
captures the (i) total number of firms (tof) and (ii) firm size distribution (𝐹𝑠),  iii) 
vacancy in the cluster (𝑉𝑡) which captures the health of the already built up space 
often a reflection of the market conditions and cluster attraction and retention 
capabilities and finally (iv) The KIDC parameter which captures path 
dependency in the cluster at each time cycle. 
The generation of metrics for the first three variables is very straightforward, 
firm population is a count of the total number of agents (firms) who are location 
in the cluster at any given point in time while composition is merely a 
distribution graph showing the composition in terms of firm size measured by 
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number of employees which ranges from 1-10029. As shown in Figure , agent 
entry, interaction and exit happens autonomously, i.e. a new agent makes a 
decision to enter and occupy space or exit the model whereas an existing agent 
decides to exit if he cannot afford to pay rent using his/her endowment at the 
end of each year (365 time cycles). These individual decisions are summed up 
on a macro level to calculate the existing population in the cluster. Similar 
metrics are used to calculate the composition or spread of firm types across the 
cluster, where count of different firm size ranges are computed on the macro 
level.  
Generating indicators for path dependency is complicated as it is concerned 
with relational location of one agent to another. So, for example, at any given 
time if we need to calculate how close or far firms related to the same institution 
in the cluster one needs to record every agents current position in the cluster and 
relative average linear distance in real terms between all agents belonging to the 
same class. This problem is solved by first normalizing the relative distance on 
canvas between 0 and 1 where a value of zero means related agents are very 
proximate and one means they are very distant. I propose KIDC as an empirical 
measure to carry this out. 
Knowledge interaction design criteria (KIDC metric) 
As explained in Chapter 3 using the Literature review, the primary agents 
in the planned knowledge-based systems are likely to be related via one or more 
proximity factors such as a common knowledge base or have similar levels of 
                                                          




institutional, organisational and cognitive proximity. An urban land-use design 
that creates a geographical proximity between ‘related’ 30  agents can help 
initiate/sustain face-to-face interaction. As a corollary, increasing distance 
between ‘related’ knowledge workers, by implementing sprawling land-use 
designs can disassociate related activities in space, thereby reducing the 
intensity of positive externalities. In order to place the agents in a space so as to 
maximise knowledge interactions (KIs), the geographic proximity between 
agents can be represented as an inverse function of their proximity factors given 
as, that is, the more proximity factors any two agents (i,j) shared in the same 
system, the less the distance between them in space.  
 
                                                    𝑥(𝐴𝑔𝑒𝑛𝑡𝑖𝑗) ∝
1
𝐷𝑖𝑗
                                              (4.1) 
Where 𝑥  represents a normalised value attached to each proximity factor. 
Equation (4.1) states simply that as the proximity factors shared between the 
two agents (𝑖 & 𝑗) become high, that is, as 𝑥1 then the distance (spatial) 
between agents belonging to the same institution type approaches zero, that is, 
𝐷𝑖𝑗0. However, in order to prevent the ‘lock-in’ phenomenon, this extreme 
case should be avoided. A detailed explanation of the Knowledge Interaction 
Design Criteria (KIDC) is given in Section 3.3.2 of Chapter 3. 
 
                                                          
30 The word ‘related’ is used to refer to the relational proximity of any two agents. In a 
Knowledge-Based Urban Development (KBUD), agents can be defined as related if 




Once the agents have self-allocated themselves into their respective land 
units, the relative distance between each agent with the other is calculated. 
Recalling our design criteria (Chapter 3: Literature review), it is easy to see what 
the urban design interaction level is at the highest as the proximity between the 
agents belonging to each other is at the centre point (𝜕) of the total distance 
(Figure 3.6) Applying the Knowledge Interactive Design Criteria (KIDC), then, 
ideally, one would want agents of similar characteristics to satisfy the following 
distance-based condition: 
 
               𝜕𝐾𝑏,𝑂𝑏,𝐼𝑏,𝐶𝑏 =
𝐴+(𝑥−𝐴) (𝑏−𝑎)
𝐵−𝐴
                                                      (4.5)                                                          
                   
In equation (7), A and B represent the lowest/highest distance reachable 
between agents in the environment, that is, the height and width of the 
environment canvas. Usually, A would be either 0 or 1, and B would be the 
length of the longest diagonal of the canvas. The variables ‘b’ and ‘a’ are the 
normalisation limits which are set to ‘0’ and ‘1’ in the model. 
            
                    𝜕𝐺 =  (𝜕𝐾𝑏 + 𝜕𝑂𝑏 + 𝜕𝐼𝑏 + 𝜕𝐶𝑏)/4                                    (4.6) 
 
In Equation 4.6, 𝜕 represents the average normalised distance (or proximity 
as shown in Figure 3.6) between related agents in the model, that is, it gives the 
normalised value. In other words, the variable 𝜕 is a measure of how close/far 
the related agents are located in the environment (i.e. land units) after the 
optimisation procedure. A high delta, for example, between agent I and j 
(𝑎𝑔𝑒𝑛𝑡 𝑖𝑗) would suggest high average distances between the agents belonging 
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to the same characteristic(𝐾𝑏, 𝑂𝑏, 𝐼𝑏, 𝐶𝑏). This method allows us to find the 
optimal land-use design – which occurs if the 𝜕𝐺~0.5. As land units are discrete 
and isolated in space in defined land units (as opposed to a continuous canvas) 
perfect optimisation (𝜕𝐺 = 0.5) may be unobtainable.  
 
A simple average might not capture the picture accurately if there are 
extreme deviations in the distance between few related actors. For this reason, 
a second indicator can be used, the standard deviation of 𝜕 can be given as 
follows: 
 
                                        𝜎𝐺 = √
1
𝑁−1
∑ (𝑥𝑖 − ?̅?) 2
𝑁
𝑖=1                        (4.7)                    
 
One could possibly say the KBUD has a satisfactory design outcome if our 
evaluation criteria (𝜕𝐺  and/ or 𝜎𝐺) are within nominal ranges.  
 
4.3.2. Independent variables: Market uncertainty (space demand, 
rentals) & firm characteristics (size, endowment, knowledge stock)  
As with the independent variables in the model, I assign them to three main 
categories that capture market uncertainty and characteristics of resident firms 
located in the cluster at any given point in time and locational spread of firms. 
Two variables represent market uncertainty in the model namely 1) space 
demand (spd) which captures the agent influx into the cluster searching for 
space. Space requirement for firms are again dependent on the size of the firm 
captured by (i) total number of employees (𝑡𝑛𝑜𝑒). (ii) Rentals are also externally 
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determined using equation in Section 4.2.6. These two variables adequately 
capture the attractiveness of the cluster and its long term population over time. 
For example persistent low rentals may attract and retain more firms increasing 
the probability of interaction in the cluster as captured by the dependent variable 
KIDC and firm population. On the other hand high rentals may discourage new 
entrants and force firms with low endowments out of the cluster increasing the 
vacancy of already built up space. 
Firms characteristics is captured by firm size i.e. total number of employees 
(𝑡𝑛𝑜𝑒), firm’s capital endowment (𝐹𝜋) and distribution followed by cumulative 
knowledge stock (𝐾𝑠). The first two are pre-determined values given to a firm 
as it enters the cluster for relocation. While the last one is a cumulative sum of 
knowledge stock is gained during the time spent in the cluster. To accommodate 
this advantage, I assume that after each time cycle resident firms increase their 
knowledge stock in direct relation to the KIDC constant due to intra-cluster 
interactions (see previous section on Knowledge interactions/intra-cluster 
interactions). Similarly at each cycle firms endowment increases by the same 
percentage increase as their knowledge stock to reflect the benefits from 
‘externality’ or knowledge sharing in the cluster.  
The assumption that every firm takes part in intra-cluster interactions and 
gains from being just located in a cluster might be a strong one, however it is 
made to distinguish gains made by older tenants from newer ones. There is also 
considerable empirical support on the gains by firms by locating in a cluster 
(Baptista & Swann, 1998; Kuah, 2002) which would support such an 
assumption. This assumption brings some interesting dynamics to the model, 
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firms who stay longer in the cluster might have higher knowledge stock levels 
and are more reliable as tenants as compared to firms with low endowments and 
shorter stay periods. In essence over time, this could reflect the empirically 
observed anchor tenant phenomenon of economic clusters (Agrawal & 
Cockburn, 2003; M. Feldman, 2004). 
Keeping rental prices stable, does the cluster support only well-endowed 
tenants at different periods in time? Or is there an equal distribution of both old 
and new tenants in the cluster? In addition to the dependent and independent 
variables, I also include ‘Average firms size’ and ‘average firm endowment’ to 
reflect the composition of the tenants in the cluster at every given time period. 
These are essential dynamics that need to be kept track of for planning 
successful interventions. The Table 4 below gives a brief description of essential 
variables in the KBUD-LDUM model. 
The agent-based Knowledge-Based Urban Development-Land Use Design 
Model (KBUD-LUDM) is developed using the Anylogic® platform for agent-
based modelling (ABM). Anylogic allows users to code using the JAVA 
objected-oriented, software programming language. Each object class is defined 






Table 4.2 A description of the variables used in the KBUD-LUDM agent 
based model 
Variable Description of the variable 
Market 
metrics 
MARKET UNCERTAINTY TRACKING MEASURES 
𝑹𝒑𝒕 
(base=100) 
Rental price at each time cycle t’’ 
𝑽𝒕 (%) Vacancy rate of cluster (built and unbuilt) at each time 
cycle ‘t’ 
𝐅𝑵 Total firm population in the cluster at time ‘t’ 








Count of all big firms by endowment at each time cycle ‘t’ 
(top 50   percentile) 
Count of all small firms by endowment at each time cycle 
‘t’ (bottom 50 percentile) 
𝑭𝒆𝒙 Count of all the firms that have exited the cluster 
KIDC 
metrics 
PATH DEPENDENCY TRACKING MEASURES 
𝝏𝑮 Average normalised distance or proximity (0-1) as shown in 
Figure 3.6 between related agents in the model .,see Eq.(2) 
𝝈𝑮 Standard deviation of proximity measures (𝜕𝐾𝑏,𝑂𝑏,𝐼𝑏,𝐶𝑏) used 
to calculate the normalised distance measure 𝜕𝐺  
𝑳𝒂 Adjacent Land’s space availability (in Sq m) 





5. RESULTS AND INTERPRETATION 
This chapter will report the results from scenario analysis using the KBUD-
LUD agent based simulation model proposed earlier. The chapter will start with 
some standard assumptions (Section 5.1) used for the two main planning 
approaches that would be compared (i.e. comprehensive vs incremental 
planning), these are drawn from previous discussions (See Chapter 2) from the 
literature on these planning methodologies in practice today. Scenario Analysis 
is carried out in Section 5.2. Scenario Analysis where identical runs of the 
model using comprehensive (Section 5.2.1) and incremental planning (Section 
5.2.2) methods are carried out. In each of these sub-sections, three scenario 
analysis for each method are executed and the results explained. The next 
chapter (Chapter 6: Conclusion) concludes the thesis by highlighting the 
research contribution and conclusion. 
5.1. Agent Based Model (ABM) scenario assumptions 
 
Alternative scenario planning is an integral part of the urban planning and 
development process. It helps the stakeholders realise the viability and 
flexibility of the land-use design in times of uncertainty. An important 
advantage of agent based modelling lies in its ability to perform “normative 
experiments” (Spencer, 2012). The appropriate number of scenarios for 
planners is usually four to five. Some authors have noted that more than four-
five scenarios may confuse users and constrain the stakeholders ability to 
explore plausible uncertainties (Van der Heijden, 1996; Wack, 2002). I will 
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explore three scenarios for each style of planning (comprehensive vs 
incremental), that bring out the essential dynamics of the KBUD-LUDM model 
in the following section. The various combinations of scenarios are expressed 
in Table 5.1, the outcome of these scenarios is captured for a thousand time 
cycles that would cover enough time periods. Justifications for these 
assumptions were derived from the literature which was given earlier in Chapter 
2. 
Table 5.1 reports model assumptions that are mainly revolve around three 
major distinctions between comprehensive and incremental planning 
approaches that could be parameterized. First is regarding land supply, plot ratio 
and land conservation criteria. Land supply is often realised in a clumped 
manner since master planning generally occurs in phases. I assume around 14 
land parcels per 100 cycles are realised at one go in the comprehensive planning 
method scenarios. This is a convenient figure as the total number of land parcels 
is 141 reflecting One north’s plan, since I use a 1000 period cycle, we find that 
approximately 14 parcels per 100 cycles distributes the process over time into 
ten phases. For the incremental planning approach, as we discussed in Chapter 
2, new land development is often demand dependent- to reflect his feature in 
scenarios with incremental planning methodology an extra land parcel becomes 
available for development if and if only the demand for new space (sq. m) is 
greater than pre-determined space allocated to the adjacent land (by shortest 
distance). 
Plot ratios are fixed permanently for the scenarios that use comprehensive 
method, these detailed plot ratios as previously mentioned were obtained from 
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One North’s planning documents (see Appendix I for an example). The 
incremental planning approach uses the same plot ratios, however they are 
flexible since its time dependent, to reflect this they are randomly distributed 
plus or minus ten percentage during each simulation run. Land conservation 
practice is high in comprehensive planning approach, for each land release 
randomly any number between 1 to 5 are selected from a normal distribution to 
represent the number of land parcels that would be conserved, these measures 
are absent or infeasible in incremental planning approach.   
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Table 5.1 Standard assumptions in the Knowledge-Based Urban Development-Land Use Design agent based Model 
(KBUD-LUD-ABM) on characteristics of planning methodologies for scenario analysis 
                                                          
31 The comprehensive planning method is generally carried out in phases thus the release of land is spaced out equally throughout the 1000 cycles. The 
total number of land parcels is 141, hence approximately for every 100 cycles ~14 parcels are released for development. 
32 The incremental planning method’s land supply depends on the rate of agent entry and waiting at each time cycle. The planner uses caution in 
releasing land parcels, an extra parcel is released of total number of agents surpasses the total available space in the adjacent land parcel. However there is a 
randomized construction delay of ~5-10 periods (uniformly distributed) for each land parcel. 
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5.2 Scenario Analysis 
Each run of the KBUD-LUD agent based model produces its own ‘history’ 
where no two ‘histories’ are the same33. However running the model multiple 
times with fixed parameters and assumptions does produce certain patterns of 
agent behaviour and outcomes that can be taken together as the most probable 
scenario. The following sections are divided using major planning methods, 
where degrees of changes in the demand, uncertainty and actor diversity are 
adjusted to the impact on path dependency, firm population and vacancy of the 
cluster. 
1) Comprehensive planning method 
As previously mentioned the planners task here is to envision and 
thereby create and manage an integrated structure where population, social 
structure, economic and environmental dynamics which are assumed to be 
interrelated in the city. The growth of the city was forecasted using simple 
functional relationships between actors, physical form and land uses 
(Chapin & Kaiser, 1965). This linear cause-effect way of achieving the 
desired socio-spatial order and its socio-economic order being expressed led 
planners to advocate the 'master plan' or a comprehensive plan. This 
approach was legitimize rational minds to prevail in the land use planning 
process as opposed to a political horse-trading approach (Friedmann, 1971) 
. 
                                                          
33 It is due to this reason that all results are averages of ten simulation runs that captures 
the persistent patterns reflected by the scenario (Spencer, 2012) 
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The planning method uses high land conservation rates, supply 
constraints in the short run as land development occurs in a lump sum 
manner. The land development is often not flexible to market changes, thus 
supply of land is consistent and at regular intervals. Each scenario is run up 
to a thousand time cycles to capture sufficient cluster dynamics. The initial 
parameters reflecting these characteristics are given in Table 1. 
Scenario one: Low demand, market uncertainty and actor diversity  
The first scenario depicts a situation with low demand of space by incoming 
participants that coincides with high market uncertainty followed by low 
diversity of actors bidding for new space. This scenario is very plausible for less 
dynamic cities with low populations to support cluster growth. These conditions 
are also commonplace for cities with a less diverse industrial base to support 
post-industrial activity which is supported by a labor force well trained in areas 
of science, technology, arts, engineering and math (STEAM) related fields. The 
simulation with the following parameters conforming to the assumptions about 
comprehensive urban planning or master planning are given in Table 5.1. In this 
scenario, at the end of one thousand time cycles, there were about 3,008 agents 
(firms) are housed successfully in the cluster where in total around 12 parcels 
are developed for this purpose. 
The first scenario tests theories concerning the impact of market uncertainty 
on our main variable which is the path dependency as measured by knowledge 
interaction design criteria (KIDC). Invoking my research question, How does 
planning methodology (in this case the comprehensive method) impact the 
mixed-use knowledge based urban development’s path dependency under 
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different degrees of market uncertainty? The results of this first scenario show 
that keeping land supply, actor diversity and actor size constant, in an 
environment with low uncertainty the growth of the cluster exhibits sufficient 
path dependency of actors over time.  As we can recall the KIDC parameter 
value of ‘0’ means full path dependency in the cluster whereas value of ‘1’ 
represents least path dependency. We can see that over time, there is constant 
variation of the KIDC parameter due to unpredictable time dynamics of rental 
prices (Figure 5.1) along with actor entry, sustenance and exit throughout the 
lifetime of the project development. However the trend is towards an increasing 
path dependency.  
Figure 5.1 The rental price history of the KBUD cluster in Scenario one 
(𝑹𝒑 = 𝟓 𝑺. 𝑫), market uncertainty (low) - Scenario 1 
 
The path of the firm composition during times of low uncertainty is 
interesting. From very early on the proportion of small and large firms start 
diverging in the cluster with large firms gaining dominant presence. This slowly 
exacerbates over time where the ability to sustain is becomes harder for smaller 























































































































between small and large firms presence in the hypothetical cluster. This is 
intuitive as we can expect better endowed firms to sustain longer periods in the 
cluster as compared to smaller firms with low endowments. 
Figure 5.2 The impact of comprehensive method on path dependency of 
the KBUD cluster (scenario 1) 
 
The cumulative knowledge stock of all firms grows gradually despite the 
high level of firm exits in the scenario. By the life-cycle of the simulation about 
567 firms exited, mostly small sized firms with low capital endowments (𝑭𝝅). 
This constant reshuffling weeds out firms with low knowledge stocks for firms 
with higher stocks of knowledge as this variable is key in determining actor’s 
sustenance ( 𝐴𝑔𝑒𝑛𝑡𝑭𝝅 = 𝐴𝑔𝑒𝑛𝑡𝑭𝝅 + (𝐾𝐼𝐷𝐶 + 𝐴𝑔𝑒𝑛𝑡𝐾𝑠𝑡𝑜𝑐𝑘/2) ∗ (𝐴𝑔𝑒𝑛𝑡𝑭𝝅) , 
in the cluster over time. This is perhaps why that despite so many firms exiting, 













































































































































The path dependency remains in acceptable levels with 𝜕𝐺  hovering just 
above 0.30 when the uncertainty is low, this is in line with the basic philosophy 
as well as a critique of the comprehensive planning approach, the method is best 
suited for low uncertain environments where demand might be slow albeit 
maintains a steady pace (Friedmann, 1971). The disturbances in firm 
composition over time does not have any specific effect on the value of the 
knowledge interaction design criteria (KIDC) of the cluster. As we can recall 
from Chapter 3: Literature review, KIDC measures the relative closeness of 
compatible actors in the canvas, overall we can see that given a favorable 
scenario (low uncertainty, steady demand etc.), the comprehensive planning 
method seems a desirable planning approach. 
Figure 5.3 The impact of comprehensive method on path dependency of 
the KBUD cluster (scenario 1) 
 
Scenario two: Increasing demand, market uncertainty and actor diversity 
The second scenario concerns with a scenario with increasing demand of 
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high market uncertainty followed by low diversity of actors bidding for new 
space. This would be a more neutral scenario of any land use development 
process, which is the ideally expected by industrial planners in thecase study: 
One north KBUD. When market uncertainty (i.e. Rental prices see Figure 5.4) 
and hence erratic price movements become commonplace, given steady demand 
of actors, how does the comprehensive planning methodology (See Table 5.1. 
for a description of assumptions) impact the mixed-use knowledge based urban 
development’s path dependency? The increase in market volatility is shown in 
figure 5.4 below, which describes a pattern of sudden rise and fall of rental 
prices charged in the cluster. 
Figure 5.4 The rental price history of the KBUD cluster in Scenario one 
(𝑹𝒑 = 𝟏𝟎 𝑺. 𝑫), market uncertainty (medium)-Scenario 2 
 
The path of the firm composition during times of increased volatility is also 
interesting compared to the previous scenario. Overall the total number of firms 
is much larger as compared to the previous scenario due to increased demand 
levels in the cluster. For the most part the proportion of small and large firms 
















































































































rental prices robs the ability of smaller firms survive. This creates a wedge or a 
split in their proportions into the future. Furthermore the smaller firms fail to 
replace their lost populace, moving forward new firms barely keep up to replace 
old ones which by the end brings their representative proportion in the cluster 
down by 14% whereas for large firms it creases by 40%. By the end of the 
simulation there is a growing disparity between small and large firms presence 
in the hypothetical cluster.  
Figure 5.5 The impact of comprehensive method on path dependency of 
the KBUD cluster (Scenario 2) 
 
We can notice that at times of high volatility the firm composition is 
different. This may have consequences on the progress of knowledge based 
urban developments, for example it might get very expensive for startups to stay 
close to small and medium sized business. Social relationships through inter-
organizational, networks are found to be very helpful in determining success of 
startups  (Butler & Hansen, 1991).Increasing affordability can price out start-


















































































































































reducing the diversity and innovative capacity of the cluster. Indeed industrial 
planners recognized this problem in Singapore when developing first phases of 
the One north KBUD.  
The path dependency of the KBUD project worsens in the second scenario 
where the average KIDC parameters are 0.25 (𝜕𝐺) & 0.44 (𝜕𝜎) throughout the 
lifetime of the cluster is as compared to 0.39 (𝜕𝐺) and 0.30 (𝜕𝜎) in the previous 
scenario.  
Figure 5.6 The impact of comprehensive method on path dependency of 
the KBUD cluster (Scenario 2) 
 
According to the model setup this also means cluster based firms are not 
benefiting much by being inside the cluster (see Section 4.2.7), leading to 

































































































































































TIME CYCLES (1000 ROUNDS)





Scenario three: Increasing demand, market uncertainty and actor diversity 
The third scenario is unique scenario where demand is highest in spite of 
market uncertainty about rental prices (high volatility). The high demand for 
space is coupled with diverse actor’s entry into the cluster is ideal given the 
mixed use nature of knowledge based urban development. This can be thought 
of the ‘utopian’ scenario for industrial planners adopting comprehensive 
planning approach as two major criteria (demand for space & actor diversity) 
remain high throughout the project lifecycle. The parameter selection for this 
scenario is given in Table 5.1.  The rental price movement for the lifetime of 
the cluster is given below in Figure 5.6.  
In this scenario, at the end of one thousand time cycles, there were about 
4,637 agents (firms) which were housed successfully in the cluster where in 
total around 16 parcels are developed for this purpose. Notice that rentals are 
highly volatile due to a high market uncertainty (Figure 5.6), this can have two 
impact on the cluster dynamics 1) firm entry/exits will be more pronounced and 








Figure 5.7 The rental price history of the KBUD cluster in Scenario three 
(𝑹𝒑 = 𝟐𝟎 𝑺. 𝑫), market uncertainty (medium)-Scenario 3 
 
An interesting phenomenon takes place when market volatility is high, 
firm’s composition between small and big firms in the cluster remains nearly 
equal throughout most parts of the cluster’s life cycle.  
Figure 5.8 The impact of comprehensive method on path dependency of 
the KBUD cluster (Scenario 3) 
 
As Figure 5.7 shows, the high replacement rates due to market volatility 











































































































































in the cluster. In addition the high diversity of actors slowly pushes the 
interaction criteria parameter KIDC towards a more optimal figure (0.5) which 
bolsters sustainability of existing actors through new revenue (see Section 
4.2.7). The path dependency of the cluster vastly improves due to the high 
replacement rates marked by increased demand and high rental volatility. The 
path dependency of the KBUD project in this scenario where the average KIDC 
parameters are 0.46 (𝜕𝐺) & 0.35 (𝜕𝜎) throughout the lifetime of the cluster is as 
compared to 0.25 (𝜕𝐺) & 0.44 (𝜕𝜎) in the previous scenario.  
Figure 5.9 The impact of comprehensive method on path dependency of 
the KBUD cluster (Scenario 3) 
 
This result sheds some light and support for scenarios which might support 
master planning approaches. One prominent critique in the literature has been 
its inability to represent the free market optimal tenant mix in clusters (Cardona, 
2004; Friedmann, 1971; Innes, 1996) due to artificial constraints. Here in this 

































































































































































support favorable degrees of path dependency given strong demand from a 
diversity of actors in the cluster. 
5.2. Incremental planning method (Disjointed incrementalism) 
Charles E Lindblom (1979) argued for different strategy in urban 
planning which became to be known as synoptic decision making or more 
formally as “disjointed incrementalism” that called central governments to 
engage in short term plans as opposed to the radical free market approach 
of no planning at all. The planning methodology entails a series of small 
piecemeal approach as the only alternative to avoiding any long term 
investments made say by a comprehensive long term planning approach 
(Wilson, 1964). 
This is also one of the most ancient view of urban planning practice 
which has its advantages in the form of speed, flexibility and 'economy' due 
to limited wastages in resources due to failed anticipation of growth 
trajectories. The planning method uses low land conservation rates, low 
supply constraints in the short run. The land development is very flexible to 
market changes, thus supply of land is consistent with demand dependent 
intervals. Each scenario is run up to a thousand time cycles to capture 
sufficient cluster dynamics. The initial parameters reflecting these 
characteristics of the planning method are given in Table 5.1. 
 Scenario one: Low demand, market uncertainty and actor diversity  
Similar to the first set of simulations, the first scenario depicts an 
environment with weak demand due to low take up of space by new actors 
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(firms) in the cluster. Naturally low number of firms also correlates with low 
diversity of actors in the cluster bidding for new space. The scenario ends with 
the cluster housing successfully 1,504 firms which is almost 50 % less than the 
total number of firms housed in the first scenario using comprehensive planning 
methodology.  
Figure 5.10 The impact of comprehensive method on path dependency of 
the KBUD cluster (Scenario 1) 
 
This is intuitive as the later makes available a bulk of space available for 
consumption, when we compare the number of parcels developed i.e. 12 parcels 
(compressive planning method) vs 5 (incremental planning). The intake of firms 
is volatile in the short run however in the long run it’s gradual and steady as 
compared to first scenario using comprehensive method. The stagnant start of 
housing firms is due to the fact that in incremental planning a new parcel to be 
developed demand is required to pent up over time. 
So How does planning methodology (in this case the incremental method) 































































































































under low degrees of market uncertainty? The results of this first scenario show 
that keeping land supply, actor size constant, actor diversity low, in an 
environment with low uncertainty the growth of the cluster is able to exhibit 
sufficient path dependency of its actors over time. This could be mainly due to 
the accumulation of waiting actors in the short term that brings diversity of 
actors even though at each time cycle there are very few actors coming into the 
cluster looking for space. 
Figure 5.11 The impact of comprehensive method on path dependency of 
the KBUD cluster (Scenario 1) 
 
Scenario two: Increasing demand, market uncertainty and actor diversity 
The development of the cluster does not change very much with increasing 
demand and market uncertainty. This is surprising as one would expect a 
significant increase in firm uptake in the cluster as evidenced under the 
comprehensive planning regime. Rather we see a modest 27 % increase in firm 
population between the last and current scenarios. Instead the only noticeable 
















































































































Time cycles (1000 rounds)





now compared to the initial stagnation when the cluster starts out as shown in 
the previous scenario (Figure 5.6). The short term uptake is cyclical as new land 
is made available as and when demand for new space increases in the cluster, 
long term growth of population is gradual predictable. 
Figure 5.12 The impact of comprehensive method on path dependency of 
the KBUD cluster (Scenario 2) 
 
The interesting difference between the two methodologies is the lack of 
disparity in firm size in the cluster population. In the comprehensive scenarios 
due to short term supply constraints rental prices heat up which eventually 
squeezes out many small firms. This slowly exacerbates into a growing divide 
of the mix in small and large firms over time, which is not necessarily a desired 
outcome when extant research shows that they play an important role in 
generating employment, creaking social and economic linkages with other firms 





































































































































most importantly their contribution to entrepreneurship and product  innovation 
knowledge based developments (Man et al., 2002; Wiklund & Shepherd, 2003).  
In such a scenario, how does the incremental planning methodology impact 
the mixed-use knowledge based urban development’s path dependency? While 
the average delta (0.38) remains close to the previous scenario, sigma (0.30) 
which signifies the standard deviation component is high reflecting unequal 
geographical distribution of related firms. One reason why we could face this 
trade-off is that cluster retention is higher in this scenario, due to stable prices 
and high elasticity firms exiting the cluster might percent new firms from 
occupying their space leading to less diversity in the long run. 
Figure 5.13 The impact of comprehensive method on path dependency of 
the KBUD cluster (Scenario 1) 
 
Scenario three: Increasing demand, market uncertainty and actor diversity 
The scenario starts on a high market uncertainty as prices rental prices swing 


















































































































Time cycles (1000 rounds)







firm composition in the cluster, firstly the number of small firms is higher than 
big firms, a unique situation only happens in this scenario. Secondly, the 
volatility of firm entry and exit for small firms is much higher than big firms in 
the cluster. These can be explained by two confounding variables, first is the 
rental volatility which is much higher than the two scenarios coupled with the 
incremental nature of land supply. Since large amounts of space is not readily 
available big firms with large space requirements wait longer time periods when 
compared to small firms. This is a reason why small firms might have a fair 
advantage in competing with large firms for space in such environments. 
However since the market uncertainty evidenced by rental yield volatility is 
high, there is a continuous filtering out of firms that are unable to afford space 
in the long run leading to constant shuffling in the cluster. 
Figure 5.14 The impact of comprehensive method on path dependency of 
the KBUD cluster (Scenario 1) 
 
The average path dependency (0.40) is also incremental planning method 































































































































presence of small firms who bring diversity in the cluster. Overall we can 
summarize the advantage of incremental planning lies during times of high 
market volatility and low demand over the comprehensive method mainly due 
to it’s the equal representation of big and small firms as well as high path 
dependency figures. However in terms of total number of firms housed, 
comprehensive method is able to house large number of actors in a short amount 
of time due to its planning methods. 
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Table 5.2 Scenario analysis of the Knowledge-Based Urban Development-Land Use Design agent based Model (KBUD-
LUD-ABM) using Incremental planning methodology (disjointed incrementalism) 
                                                          


















Actor size ratio 
(big : small) in 
percentage 
Avg. Path dependency      





















64:36 43:57 0.39 & 0.54 0.31 & 0.34 
Scenario 2 





65:35 47:53 0.25 & 0.44 0.38 & 0.30 
Scenario 3 









The city planners of the 21st century see the Knowledge-Based Urban 
Development (KBUD) strategy as a new form of urban renewal of industrial 
cities. Many believe it would bring “both economic prosperity and a sustainable 
socio-spatial order to the contemporary city”.35  My research was focused on 
the urban planning and design aspect of such developments. A short summary 
of my thesis is given below. 
6.1. Research summary  
The motivation for my thesis started through a combination of interviews 
and surveys of a case study in Singapore (One north KBUD). After which I 
identify three critical planning issues related to the land use development 
process of knowledge based clusters. 
 Firstly I point out that, 1) the identification and classification of KBUD 
‘actors’ is ambiguous in the planning literature. Secondly although diversity of 
‘actors’ in clusters is generally acknowledged to be favourable outcome, 2) To 
what extent diversity of actors can favour intra-cluster interactions is so far less 
explored, this required some investigation into the determinants of interaction 
between ‘actors’ and their reliance on spatial organization of actors in clusters 
to facilitate them (I call this an issue of path dependency). Thirdly, 3) the current 
long term planning approach (master planning) is specifically found to be 
inflexible or unresponsive to different conditions of market uncertainty (e.g. 
low/high demand of actors/fluctuating rentals etc.). 
                                                          
35See Lee et al, (2008), T. Yigitcanlar, Velibeyoglu, et al. (2008)). 
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In addressing these research problems, I pose three research questions: 
firstly, (1) who are the actors of Knowledge-Based Urban Developments 
(KBUDs)? And secondly (2) How can planners envision alternative scenarios 
of the Knowledge-Based Urban Development (KBUD) that enhances intra-
cluster knowledge interactions? Or specifically what is the theoretical urban 
design criterion that would maximise knowledge interaction among those 
participating actors? Finally I ask, (3) what alternative methodology could 
planners engage in to plan and sustain mixed-use knowledge based urban 
developments under path dependency and market uncertainty? What could be 
the trade-off’s of such an outcome? Below, I summarise how I address these 
research questions in my thesis:  
1. In Chapter 3, drawing from the extant literature I classify ‘actors’ into 
four types depending on their unique contribution to the KBUD’s 
economic development. The four distinct actors who participate in post-
industrial clusters such as the Knowledge-Based Urban Development 
(KBUD), namely are 1) The technology firm (TF), 2) The research 
institution (RI), the 3) Educational institution (EI) and finally the 4) 
Service firms (SF) A detailed account of why and how these actors are 
particularly important (i.e. rationale) are specifically important for 
knowledge based clusters are constructed and supported with findings 
from extant theoretical and empirical literature. 
 
2. In the same chapter, I also argue that in addition to providing aesthetic 
benefits, well-planned mixed land use designs can help shape 
‘knowledge-based’ interactions between different types of actors. This 
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could be achieved by placing ‘related’ workers near each other through 
traditional complimentary zoning using a pre-determined design 
criterion. By exploring the previous literature on knowledge interactions 
and their determinants between different actors, I propose a unique 
urban design criterion to be known as Knowledge Interaction Design 
Criteria (KIDC) that is aimed at enhancing knowledge interactions (KI) 
in Knowledge-Based Urban Developments (KBUDs) which planners 
can use to identify ‘related’ actors in clusters (see Chapter 3). This 
criterion can be used to identify ‘related’ actors if certain minimum 
information is available about incoming participants in KBUD’s. I 
believe that having such a criterion satisfies one of the three important 
rationales stated by urban planners when performing land-use zoning, 
which is to ‘To integrate compatible land uses, which generate positive 
externalities so that they are mutually beneficial’ (Chung, 1994). 36  
 
3. Regarding the planning methodology that informs the land use 
development process of cluster based environments, I argue that the 
planning methods used for modern industrial planning draws its roots 
deeply from traditional planning philosophy (comprehensive planning) 
that is translated into the contemporary planning method of the land use 
development process (i.e. master planning). After identifying some of 
the advantages and drawbacks of comprehensive planning method, I 
discuss an alternative planning philosophy (disjointed incrementalism) 
                                                          
36   The other two rationales are (2) separating incompatible uses that generate negative 
externalities and (3) interjecting public goods like roads and open space to improve social 




and methodology (incremental planning) overlooked by planners in 
extant urban planning literature to plan knowledge based clusters 
addressing the issue of path dependency (‘knowledge spillover’) under 
different degrees of market uncertainty. In the problem definition part 
of Chapter 2 (section), I offer a critical analysis of these planning 
methods by identifying their main differences, advantages and 
disadvantages in their planning approach.  
 
4. To explore the strengths and weakness of both planning methods 
specifically for knowledge based clusters, I develop an empirical agent 
based simulation model of a typical knowledge based urban 
development using data from the case study: One north. Agent-based 
modelling (ABM) is recommended as a dynamic methodology to handle 
spatial and temporal processes of land-use design models as compared 
to the simple linear programming methodology used in the past literature 
in addressing land use design problems.(Section 4.1 in Chapter 4) 
 
5. Three scenarios are developed under each planning method i) 
comprehensive and ii) Incremental planning methods (See model 
assumptions in Section 5.1, Chapter 5). The first scenario concerns itself 
with the development of the KBUD under low demand and low market 
uncertainty, while the second scenario sees an increase in both demand 
and uncertainty. The final scenario has high levels of both. The impact 
of changing market circumstances on the evolution (e.g. firm 
population, composition, vacancy, path dependency etc.) of the cluster 
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is studied. The main findings from the agent based simulations (Section 
5.2: Scenario Analysis) are follows, 
 
i) Under conditions of low demand, diversity and market uncertainty 
the knowledge based cluster scenario with comprehensive planning 
method showed more uptake of actors (+19%) and high path 
dependency as evidenced by a higher KIDC (Table 5.1). The total 
number of firms that were housed in the same time period through 
the comprehensive planning method (3,120) was 19% higher than 
using the incremental planning method (2,506). However under the 
comprehensive planning method, the cluster produced an unequal 
distribution of actors by size37 when compared to the incremental 
planning scenario under the same conditions. In scenario one, the 
ratio of small vs big firms were 64 % (big firms) and 36 % (small 
firms) when comprehensive planning method was used compared to 
43% (big) and 57% (small) under incremental planning. 
 
ii) In the second scenario, as demand increases along with actor 
diversity and market uncertainty we observe an interesting pattern. 
Path dependency sharply is lower when market uncertainty is higher 
in the cluster under the comprehensive planning method. This is 
attributed to the nature of firm composition enabled by the planning 
method, where despite the increase in the number of actors (+35%) 
                                                          
37 Firm size is given as a function of idiosyncratic firm endowments at each point in time. 
On a continuous spectrum, ‘big firms’ are identified as firms with endowment greater than the 
average while ‘small firms’ are firms with endowments below the average. 
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hosted in the second scenario, the unequal representation of small 
and large firms persist (65% big firms vs 35% small firms) leaving 
little room for diversity through the process of ‘reshuffling’. The 
outcome of the cluster using incremental planning method improves 
in path dependency (higher global delta 𝝏𝑮) and firm composition. 
 
iii) In the third scenario, I assign firm’s demand for new space and 
market uncertainty very high. Actor diversity is distributed 
uniformly giving highest chance for diversity of actors entering the 
cluster. As with the two previous scenarios the total number of firms 
hosted successfully at the end of the simulation is still higher under 
comprehensive planning (+28%) than incremental planning. The 
ratio of big and small firms in the cluster at the end of the simulation 
worsens under the comprehensive planning method, while it gets 
more equitable in the scenario using incremental planning. 
Surprisingly despite inequitable mix of actors observed, the path 
dependency is at its best in such an environment under the first 
planning method. This might be mainly similar to the principle of 
‘law of large numbers’ theorem in mathematics, where the mere 
increase in the number of actors compensates the diversity element 
bringing it to the average diversity levels observed in previous 
scenarios. 
 
In conclusion, we can find that both planning methods that derive 
from different planning philosophies have their own advantages and 
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disadvantages in planning knowledge based urban developments. 
Under low demand, market uncertainty and diversity, a state 
supported comprehensive planning method would more likely house 
larger number of firms giving a push to achieve critical levels of 
cluster population for future sustenance. Under medium levels of 
demand, uncertainty and diversity we find that incremental planning 
method gives out the best levels of path dependency through an 
equal distribution of firms by their size which enables diversity. 
 
When clusters begin under high levels of demand, market 
uncertainty and diversity both planning methods yield similar 
performance with two main differences regarding firm composition 
and cluster population. While in the former case cluster population 
is higher, the later planning method offers a much more equitable 
allocation of firms. The best method in this case would be at the 
discretion of the planner himself as they would depend of the goals 
of the development, for example if the goal is to reach a critical 
population at the earliest for financial sustainability then engaging 
in the master planning approach would be beneficial. However if the 
cluster aims to foster small and medium size business (including 
start-ups) by having a conducive stable environment then an 






6.2. Research contribution 
The contribution of my research is to general subject of urban planning and 
design of mixed-use post-industrial urban environments. More specifically this 
contribution is fourfold, 
1. Firstly, my research work expands the application of agent based 
modeling to explore questions raised in the realm of urban planning and 
design of high-tech clusters. There is a growing literature that uses agent 
based modeling as an alternative method to explore the social science of 
high tech clusters formation, progress and decay with respect to well 
observed empirical phenomenon of creativity, agglomeration, cluster 
formation, high tech cluster social and economic networks and location 
decisions (Chan & Pretorius, 2007; Koçak & Can, 2014; Spencer, 2012; 
Zhang, 2003).  
 
One of the rationales for public suppurt for knowledge basec clusters is 
that succesful regional economies can be created by facilitating suitable 
platforms such as KBUD’s. Koçak & Can, 2014 test this assumption by 
using  agent based modeling to study the behaviour of tenents within  
and across science and technology parks (STP’s) and find evidence 
supporting the notion of public intervention through STP managers to 
select tenents who are more likely to interact plays an important role. 
 
Zhang, 2003 intoruces a Nelson-winter model using agent based 
techniques to study high-tech clusters such as sillicon valley. In 
explaining economic clustering, he deviates from the stricly economic 
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notion of agglomeration where clustering behaviour is explained using 
simple location choice models. Zhang using agent based simulations 
proposes and demonstrates a ‘contagion’ story where the entry of few 
entrpreneurs inspire and rally’s small groups to follow them. 
 
More recently Spencer, 2012 presents an agent based model explaining 
how location affects the evolution of social networks and how this might 
transate into creative behaviour in the region by using stylized facts from 
social phycology,network analysis and economic geogrphay literature. 
Spencer’s model also provides evidence on why induviduals are more 
cretive in large and diverse populations. 
 
My research which is more closely related to Koçak & Can (2014), adds 
to that growing literature by examining the progress of broadly defined 
knowledge based urban developments (i.e. high tech clusters) under 
alternative planning frameworks (comprehensive vs incremental) and its 
impact on the land use development process for planned (as opposed to 
organic) high-tech clusters. Using stylized facts from, .I show the 
advantages and disadvantages of these two opposing planning systems 
in terms of maintaining intra-cluster path dependency (‘knowledge spill 
over’) under different economic conditions (uncertainty) using scenario 
analysis (agent based simulations). 
 
2. Secondly, the research contributes to the growing stream of work 
dedicated to sustainability of Knowledge-Based Urban Development’s 
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(KBUD). My research specifically opens a new avenue of research into 
some of the land-use design-related problems currently faced by 
industrial planners through detailed interviews and surveys. The 
scholarly literature of Knowledge-Based Urban Developments 
(KBUDs) so far has been limited to covering institutional and 
governance aspects and their means of evaluation using a few case 
studies (Chatzkel, 2004; Garcia, 2004; Isaksen, 2004; Richard V Knight, 
1995; T. Yigitcanlar, 2009; T. Yigitcanlar et al., 2012; T. Yigitcanlar, 
Velibeyoglu, et al., 2008). I acknowledge some theoretical limitations 
of what large scale projects today try to achieve in their masterplans and 
offer potential solutions to overcome them. 
 
3. Thirdly, I simplify the identification and classification of essential actors 
for a typical post-industrial knowledge-based environment. The 
literatures on cluster-based developments have identified individual 
actors ranging from scientists, lawyers to musicians (B. Asheim et al., 
2007; Power & Jansson, 2004; Roelandt & Den Hertog, 1999). 
However, a generic classification specifically for planning academicians 
and practioners that would represent them all was found to be necessary 
to identify plausible relationships among them with respect to 
‘knowledge interactions’. I fill this gap in the planning literature by 
showing how to identify actors who might engage in useful interactions 
in KBUD’s. This would help planners devise complimentary mixed-use 





4. Fourthly, my findings provide an informed planning approach to ‘zone’ 
the Knowledge-Based Urban Development (KBUD). While previous 
land-use design models have used various economic, social and 
environmental criteria to zone ‘actors’ into efficient allocations (Barber, 
1976; Diamond & Wright, 1988; Janssen et al., 2008), I believe for the 
first time that a Knowledge Interaction Design Criteria (KIDC) is 
proposed as an unique design criteria specifically for planning mixed-
use post-industrial spaces. 
 
5. Finally, this thesis explores the much needed re-thinking of the 
traditional master planning approach of dynamic spaces such as the 
Knowledge-Based Urban Development (KBUD) (Abukhater, 2009). In 
a general sense, urban planners (practitioners) feel master planning 
alone fails to critically address the spatial-temporal dynamics of planned 
spaces over time. While planning thought is changing as to how to 
approach planning actions in reality, there is very little critical attention 
given to how socio-spatial relations are conceived (Graham & Healey, 
1999). Although planning thought moved away from an static 
deterministic or rationalistic planning approach in the 60’s and 60’s to a 
communicative approach in the 80’s and where planning methodology 
which advocated a more procedural alternative to account for the 
changing socio-spatial nature of ‘planned’ spaces (Forester, 1993; 
Harper & stein, 1995), practitioners still have difficulty in grasping the 
complex space-time dynamics of the contemporary urban change. 
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My research also contributes to the general (often historical) debate in 
urban planning between the adoption of a dynamic incremental planning 
approach over the static comprehensive method when it comes to the 
land use development process (see Boyer (1983, 1995), Byrne (1996) 
and King (1996)). Whilst the results from my thesis does not argue for 
one particular method to be superior to the other, using agent based 
simulation of a hypothetical knowledge based urban development 
(KBUD) I point out in what circumstances may one method 
(comprehensive) be more useful than the other (incremental). 
Of course there are several drawbacks in exporting these findings 
directly to planning practice, first the role and influence of national 
planning frameworks is ignored, this might nullify some of the planning 
assumptions made earlier in Chapter 2. The limitations might also arise 
from the spatial definition of environment which is case study specific, 
the empirical findings might be different with other spatial 
configurations. The assumption of an independent real estate market can 
also be unrealistic, most sub-markets follow city wide trends making it 
dependent on the performance of other sectors, these are ignored to keep 
the model simple. 
Future studies can embark on developing rational planning models such 
as the Knowledge-Based Urban Development-Land Use Design Model 
(KBUD-LUDM) which can be extended to enhance its direct 
applicability to other case studies. This could possibly increase the 
adoption of agent-based models in planning practice, in addition one can 
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make the model richer by enabling additional features that could be 
directly applicable for public policy making and debates in the arena of 
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Brief Documentation regarding a series of Interviews with Senior principle 
planner of One north planning team ( JTC) planners is given below. 
1. How long was the design process- from start to end? How long is it 
approximately in other developments that you had visited? (Name 
few) what were the essential lessons learnt and implemented in one 
north? 
Ans. The masterplan concept development was an iterative process 
which took about 4-5 years to reach a ‘steady-state’. The planning 
methodology was adjusted and refined based on the experience and 
feedback from pilot project implementations. The team visited projects 
in US, Europe, Japan, Korea, Hong Kong as well as reviewed literature 
on related projects. One of the key lessons learnt was the recognition of 
the fundamental importance of the implementation approach for the 
masterplan concept. A single-developer/controller model will have 
greatly different dynamics and issues compared to a multiple-
developer/controllers model. 
 
2. What was your role and how many urban planners (Approx.) were 
involved in conceiving the masterplan? 
Ans. I headed the masterplan concept and development team. The 
team comprised 4-5 planners/architects but we worked in a multi-
disciplinary environment with close interactions with the development 
and marketing team. The masterplan concept was developed through 
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professional consultancy firms covering planning, engineering, 
transportation and a range of planning-related services. 
 
3. What were some of the main goals in developing such a specialised 
environment for post- industrial cities? Do you think spaces such as 
one north could achieve them? 
Ans. To respond more effectively to a dynamic economic 
environment, to make better use of the resources to create a ‘productive 
environment’ which could stimulate growth of high-value activities. 
 
4. What was the most difficult part of the planning and design 
process? Where did you feel less advice, as in could have had time 
or more clarity or academic help in general? 
Ans. Getting relevant inputs, and getting relevant stakeholders 
(including users) to try the new approach. 
 
5. What aspect/activity/amenity do you think was missing in the 
design?  (for e.g. housing, retail etc) what were the regulatory 
challenges? (e.g. URA,LTA,SLA,JTC) 
Ans. It’s not so much what’s “missing” in the design (from a 





6. There seems to be an underlying goal to increase the so- called 
knowledge interactions through physical design? How far did 
planners go as far as this is concerned? 
Ans. We had our plans for such ‘interactions’ but we are not able 
yet to measure /quantify the interactions, or success arising out of such 
interactions. 
 
7. How much attention was paid to establishing the details of the actors 
and possible ‘knowledge’ interactions they might have? 
Ans. The one-north team was quite small – and given the huge 
complexity of designing a new approach and implementing it “on-the-
fly”, many issues could only be dealt with at a practical (tactical) level.  
 
8. Did you think planners had sufficient information about what such 
interactions might possible be and how physical designs can be 
improved to achieve them? 
Ans. A key consideration is whether we are using a one-
developer/controller or multiple-developer/controllers approach. A 
second consideration is the available “levers” – the capability to 
control /dictate the developmental approach. It’s difficult to identify and 
cover all parameters upfront in a masterplan. 
 
9. What were some of the hurdles of identifying such interactions? 
How successful were planners in doing so given the time 
constraints? Who were consulted in such processes?  
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Ans. Difficulties arise from the assumptions that planners have to 
make. For example, the hypothesis of one-north is that having a close-
knit work-live-play-learn environment may give rise to more innovations 
through cross-interactions. However, finding the actual causation 
factors are very complex and difficult. Hence, one-north’s approach is 
to build in a iterative process – “dynamic planning”.   
 
10. Do you think knowledge interactions’ between workers was a 
necessary part in the design process?  
Ans. Knowledge of how interactions works, the parameters creating 
/enabling such interactions to work – is definitely a key set of 
understanding to have for planners to build their frameworks. 
 
Land use design methodology 
 
11. The word dynamic planning is used quite often in the masterplans, I 
reckon that spatially the plan with its vertical/horizontal integration is 
dynamic, in your opinion how does the land us design hold up 
temporally (over time)? 
 
Ans. In my opinion, “dynamic” and “planning” in this culture can 
be opposite forces. Land-use planning methodology in Singapore has 
largely remained the same over the last few decades.  
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"Dynamic planning" was a term we used during the development of 
the one-north masterplan to refer to the need to respond in a timely 
manner to the changes in situation & environment. We observed that the 
conventional '2-dimensional' land-use planning could not respond 
effectively especially when there were un-foreseen outcomes. We 
wanted a balance between having a masterplan to oversee the 
development of the area, but we also needed additional 'levers' which 
could allow us to respond to new information /situation that arose - i.e 
to be able to make adjustments in timely manner, and preferably in a 
predictive manner rather than a reactive manner. Conventional land-use 
planning tend to remain rigid in between their review cycles. 
 
12. Do you think a detailed zoning plan drawn up for 30 years was 
realistic? How useful are long term designs for post industrial 
clusters with volatile demand characteristics? 
Ans. Long term detailed zoning plans are not flexible, but long term 
planning frameworks are necessary and important. There have been and 
will be many constraints in managing this “balance” between ensuring 
essential infrastructure is built in time, and flexibility to adjust in 
“micro-situations” . 
 
13. Apart from various social, economic and environmental goals 
mentioned in the masterplan, what were the instruments used by 
planners to facilitate knowledge interactions/spillover etc?  
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Ans. Largely through focu groups and discussions with a broad 
range of stakeholders and partners. We also commissioned academic 
studies and worked with institutions. 
14. I understand that, planners sought to develop a computer model for 
generating optimal design solutions, what was its purpose? IS it 
being used? 
A prototype software was developed, but abandoned shortly 
afterwards. The cost factor was one inhibitor (the prototype model used 
commercially common software not suited for the intent). Another 
inhibitor was the ‘fuzzy’ brief given to the programmers at the initial 
stage (given the planning team at the start was also exploring around). 
 
15. From the urban planning literature, I understand that master 
planning approach is static, un-responsive with a high obsolescence 
rate for dynamic spaces such as one north, in practice however is 
there an alternative methodology? 
Ans. There are a range of alternatives – each with it’s success and 
failures. Some seems to work better for its context, but not 
‘transplantable’ – e.g Silicon Valley’s innovation culture. 
The approach we were experimenting in one-north focused on 
developing the masterplan as an overall guide, and incorporate 
flexibility in the detailed implementation plans. In otherwards, we 
adhered to the planning quantum parameters at the one-north district 
level, but allowed the various quantum to be re-distributed and 
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transferred across sub-district levels - this way we hope to inject in 
flexibility in how the various usages can be combined for the desired 
outcome, and these optimal combinations can differ for different 
intended situations. Apart from the flexibility to redistribute /recombine 
usages at various sub-districts, it is also vital to have a information 
provision-and-feedback loop to allow planners to improve on their 
"solutions". Given that outcomes can take quite a while to be apparent, 
and feedback can get distorted going through multiple layers up the 
hierarchical command chain, hence it is important to develop the proper 















Section 2.2 is continued here below. 
2.2.1 Master plan phased development 
As Figure 2.3 illustrates, the master plan followed by Singapore’s ‘One 
north’ development consisted of creating three knowledge-specific zones. The 
first zone is a biomedical hub (Biopolis), followed by an engineering science 
complex (Fusionopolis) and a media and arts district (Mediapolis) – all of which 
are interspersed with housing, retail, commercial and recreational spaces. Each 
zone can be thought of as a district allocated with a dozen or more land parcels 
set to be developed independently over the course of the project.  
2.2.2. The Biopolis 
In 2003, the ‘Biopolis’ was the first development at One north Knowledge-
Based Urban Development (KBUD), a new hub with high-profile space for 
biomedical research in Singapore. The development, standing adjacent to the 
research-intensive National University of Singapore (NUS) and the National 
University Hospital (NUH), hosts key biomedical public institutes together with 
local and global partnerships and forms the third node of a Biomedical 
Knowledge Corridor in Singapore (Waldby, 2009).  
Some of the key public institutions located here are the Institute of 
Bioengineering & Nanotechnology (IBN), the Genome Institute of Singapore, 
Bio-processing Technology Institute (BTI) and Institute of Molecular and Cell 
Biology (IMCB). Simultaneously, the Singapore Government allocated S$ 2 
billion dollars for life sciences research in the year 2000, three years before the 
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completion of the Biopolis at One north. This was followed by a S$5 billion 
dollar push for Science and Technology research in 2007 through the 
Biomedical Research Council (BMRC), a venture capital arm of the Science 
and Technology public policy organisation – A*star (Agency for Science and 
Technology). 
To be developed in three phases over 15–20 years, the Biopolis at One North 
incorporates a slow-paced development strategy. The Biopolis first phase 
allowed for the development of the dynamic core of One north itself, creating a 
platform for the roll-out of phases II and III. This slow-paced development was 
a financially prudent measure to ensure that such a strategic development’s 
feasibility is achieved before embarking on the next phase.  
The development strategy of the Biopolis was to create distinct, yet 
complementary spatial facilities to enable the provision of an intellectually 
stimulating and creative physical environment for entrepreneurs, scientists and 
researchers to congregate and interact within different phases of the project. The 
phase I of the Biopolis at One north basically revolves around a large 1,85,000 
sq m research complex, accommodating key biomedical research institutes and 
companies.  At the Biopolis, companies can take advantage of shared cutting-
edge laboratory space and access to scientific infrastructure to cut down R&D 
costs significantly and accelerate the development timeline (A*star website). 
Flexible laboratory space sizes ranging from 219 to 1,100 sq m were planned to 




Figure 6.1 Illustration of the Biopolis master plan with predominant land 
uses 
Source: (JTC, 2010)38  
Office and commercial shop spaces with various floor plates are also catered 
in the facility in line with the mixed-use zoning nature of the development. By 
the end of 2012, Biopolis completed three phases of development successfully 
with a capacity to house around 6,500 workers (approximately). 
Table 6.1 Estimated space provided and number of workers in the 
Biopolis 
Biopolis Space provided Number of workers 
(approximately) 
Phase 1 1,85,000 m² 4,500 
Phase 2 37,000 m² 1,000 
Phase 3 41,505  m² 1,000 
Source: Author’s estimates (2013) 
 
                                                          




2.2.3. Fusionopolis  
Fusionpolis is the Physical Sciences and Engineering cluster spanning 30 
hectares situated on the western part of One north. Phase 1 of Fusionopolis, 
officially opened in October 2008, covers 1,20,000 sq m (1.3 million sq ft) and 
costs S$600 million to develop. Subsequent phases of Fusionopolis will provide 
business and laboratory space to agencies and companies that will form 
synergistic collaborations with those from phases 1 and 2A (A*star website, 
2012). 
Figure 6.2 Illustration of the phased development at Fusionopolis  
 
Source: One north masterplan, JTC (2010) 
The Fusionopolis phase 1 development (Figure 6.3) consists of three towers 
(Connexis South, Connexis North and Symbiosis), with a gross floor area 
totalling 1,20,000 m². The first part of Phase 2B (Solaris), was completed in 
early 2010 providing over hundred thousand square metres of space for R&D 
in the Infocommunications, Media, Science and Engineering R&D industries at 
an estimated cost of S$148 million dollarsi.  
187 
 
Table 6.2 Estimated space provision at Fusionopolis 
Fusionopolis Space provided Number of workers 
(approximately) 
Phase 1 120,000 m² 4,500 
Phase 2A  84,000 m² 1,000 
Phase 2B 103,635 m² 1,000 
Source: Author’s estimates (2013) 
Phase 2A is currently under construction and is expected to be ready in 
2014, is a planned mixed-use development consisting of two towers hosting 
business parks, wet/dry laboratories along with office space on a 1.04 hectare 
piece of land with an approximate gross floor area of 84,000 (JTC official 
website, 2013). 
2.2.4. Mediapolis 
In the year 2007, Singapore’s media industry employed over 59,000 people, 
generated about 20.8 billion in revenue and created 5.1 billion in value added to 
the economy. The Singapore Government in 2009 infused S$230 million over 
the next 5 years to stimulate this sector for rapid expansion (Singapore Media 
Fusion, 2013ii).  
Projected as Singapore’s vital piece of media ecosystem, Mediapolis is a 
part of that vision- Mediapolis, a 19-hectare development within One north 
consisting of soundstages, digital production and broadcasting, green screen 
capabilities, Interactive Digital Media (IDM) and research and development 
activities interspersed with supporting amenities (retail, commercial, leisure, 
etc.) and housing (EDB, 2013). The development is a planned sub-cluster at 
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One north, which is ready for a phased development for the next 15–20 years to 
push Singapore into a global media city by 2025. According the EDB, the 
rationale of such a venture would be to create and promote a ‘cluster effect’ for 
attracting new companies to set up their premises inside One north. 
Table 6.3 Estimated space provision at Mediapolis 
Mediapolis (till 
2012) 
Space provided Number of workers 
(approximately) 
Phase 1 120,000 m² 4,500 
Phase 2A  84,000   m² 1,000 
Source: Author’s estimates (2013) 
The first phase of Mediapolis was launched in 2010 with the completion of 
the soundstage facility spanning 1.2 hectares, which would host the national 
media broadcasting company Mediacorp. This is consistent with JTC’s 
approach with other sub-clusters, where One north’s initial anchor tenants are 
always from the public sector. This is to provide the necessary infrastructure, 










Figure 6.3 Demarcation of the Mediapolis sub-cluster at One north 
 
Source: One north masterplan, JTC (2010) 
2.2.5. Wessex estate 
The tranquil ambience of the south-western part of ‘One north’ consists of 
a long stretch of lush greenery providing housing for residents of the 
Knowledge-Based Urban Development (KBUD). Creating a dense housing 
mixture for knowledge-based workers that enhances cross-fertilisation of ideas 
seems to be an underlying goal. For this reason, priority is given to workers 
employed in any of the other three clusters (Biomedical, Physical sciences and 






Figure 6.4 Typical housing type at Wessex estate, One north (Singapore) 
Source: JTC website, 2012 
The estate consists of 28 blocks of walk-up apartments (see Figure 15 (a)) 
and 58 semi-detached houses as shown in Figure 15 (b). Jurong Town 
Corporation (JTC), the industrial master planner of One north “envisioned 
[Wessex estate] as a place where the gathering of diverse and creative minds 
will engender a bohemian culture that transcends norms and boundaries”. The 
need for such a tranquil atmosphere for knowledge-based workers is based on 
the idea that some of the greatest innovations occur when people are exposed to 
natural habitats that help sharpen their thought process. Moving away from the 





Figure 6.5 Land-use canvas represented by well-defined Polylines using 
Anylogic® Simulation Program for the case of ‘One north’ 
 




Table 6.4 An Illustration of the plot ratio array table for ‘One north’ adopted for Knowledge-Based Urban Development-
Land Use Design Model (KBUD-LUDM)’s agent environment* 








Table 6.5 Baseline agent initialisation procedure (AIP) assumptions39 
Agent type 
[MUR40] 
Number of workers Minimum space required 
per person 
(sq ft) 
Number of agents 
Technology firm [firm] 
 




10 120 1000 
Educational 
[department] (e.g. university, 
school, etc.) 









Total NA NA 2,000 
 
Note: A- Analytica Kbase, Syn- Synthetic Kbase, Sym- Symbolic Kbase, B park- Business park, Inst- instituional. *Complete 
data for all the 141 land parcels would be available on request.
                                                          
39 Planning ratios in Table 5.6 were obtained through expert opinion from the head of the One north planning team. These follow from local industrial 
planning practices. 
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